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)LQGLQJ QH[W RI NLQ &URVVOLQJXDO HPEHGGLQJ
VSDFHV IRU UHODWHG ODQJXDJHV
6HUJH 6KDURII
&HQWUH IRU 7UDQVODWLRQ 6WXGLHV
8QLYHUVLW\ RI /HHGV
$FFHSWHG IRU SXEOLFDWLRQ LQ WKH MRXUQDO RI 1DWXUDO /DQJXDJH(QJLQHHULQJ 
$EVWUDFW
6RPH ODQJXDJHV KDYH YHU\ IHZ 1/3 UHVRXUFHV ZKLOH PDQ\ RI WKHP DUH FORVHO\
UHODWHG WR EHWWHU UHVRXUFHG ODQJXDJHV 7KLV SDSHU H[SORUHV KRZ WKH VLPLODULW\ EH
WZHHQ WKH ODQJXDJHV FDQ EH XWLOLVHG E\ SRUWLQJ UHVRXUFHV IURP EHWWHU WR OHVVHU UH
VRXUFHG ODQJXDJHV 7KH SDSHU LQWURGXFHV D ZD\ RI EXLOGLQJ D UHSUHVHQWDWLRQ VKDUHG
DFURVV UHODWHG ODQJXDJHV E\ FRPELQLQJ FURVVOLQJXDO HPEHGGLQJ PHWKRGV ZLWK D
OH[LFDO VLPLODULW\ PHDVXUH ZKLFK LV EDVHG RQ WKH :HLJKWHG /HYHQVKWHLQ 'LVWDQFH
2QH RI WKH RXWFRPHV RI WKH H[SHULPHQWV LV D 3DQVODYRQLF HPEHGGLQJ VSDFH IRU QLQH
%DOWR6ODYRQLF ODQJXDJHV 7KH SDSHU GHPRQVWUDWHV WKDW WKH UHVXOWLQJ HPEHGGLQJ
VSDFH KHOSV LQ VXFK DSSOLFDWLRQV DV PRUSKRORJLFDO SUHGLFWLRQ 1DPHG (QWLW\ 5HFRJ
QLWLRQ DQG JHQUH FODVVLILFDWLRQ
 ,QWURGXFWLRQ
7KH WRWDO QXPEHU RI OLYLQJ ODQJXDJHV LQ WKH ZRUOG LV HVWLPDWHG DW PRUH WKDQ  6L
PRQV DQG )HQQLJ  ,I ZH RQO\ LQFOXGH WKH WRS  ODQJXDJHV ZLWK WKH ODUJHVW
QXPEHU RI QDWLYH VSHDNHUV WKH\ FRYHU DERXW  RI WKH ZRUOG SRSXODWLRQ 0DQ\ ODQ
JXDJHV GR QRW KDYH VXIILFLHQW 1/3 UHVRXUFHV VXFK DV DQQRWDWHG ZRUG OLVWV V\QWDFWLF
SDUVHUV RU 1DPHG (QWLW\ 5HFRJQLWLRQ 1(5 WRROV )RU H[DPSOH %DORFKL %HODUXVLDQ
DQG .RQNDQL VKDUH WKH UDQN RI ± LQ WKLV OLVW ZLWK ≈0 VSHDNHUV HDFK ZKLFK LV
PRUH WKDQ WKH QXPEHU RI VSHDNHUV RI PXFK EHWWHU UHVRXUFHG ODQJXDJHV VXFK DV 'DQLVK
RU )LQQLVK ZKLOH WKH\ KDYH DOPRVW QR UHVRXUFHV 6LPLODUO\ 8NUDLQLDQ ZLWK LWV 0 QD
WLYH VSHDNHUV RFFXSLHV WKH th SRVLWLRQ LQ WKLV OLVW WKH 8th SRVLWLRQ LQ (XURSH ZKLOH
KDYLQJ YHU\ PLQLPDO 1/3 UHVRXUFHV
2QH RI WKH ZD\V IRU DGGUHVVLQJ WKLV LVVXH LQYROYHV UHO\LQJ RQ ODQJXDJH IDPLOLHV
VR WKDW WKH 1/3 WRROV IRU OHVVHU UHVRXUFHG ODQJXDJHV FDQ EH GHYHORSHG E\ XVLQJ EHW
WHU UHVRXUFHG W\SRORJLFDOO\ UHODWHG ODQJXDJHV )RU H[DPSOH %HODUXVLDQ DQG 8NUDLQLDQ
EHORQJ WR WKH 6ODYRQLF IDPLO\ LQ ZKLFK &]HFK DQG 5XVVLDQ KDYH VXIILFLHQWO\ ODUJH UH
VRXUFHV VXFK DV WUHHEDQNV RU DQQRWDWHG WUDQVODWHG WH[WV VHH 7DEOH  7KLV SDSHU UHIHUV WR
WKLV PHWKRG DV /DQJXDJH $GDSWDWLRQ LQ ZKLFK WKH UHVRXUFHV DUH WUDQVIHUUHG IURP EHWWHU
UHVRXUFHG ODQJXDJHV GRQRUV WR OHVVHU UHVRXUFHG RQHV UHFLSLHQWV LQ D ZD\ VLPLODU WR
'RPDLQ $GDSWDWLRQ ZKLFK LV DLPHG DW WUDQVIHUULQJ WKH PRGHOV DFURVV WKH GRPDLQV

7KH WUDGLWLRQ RI GHYHORSLQJ 1/3 UHVRXUFHV DFURVV ODQJXDJHV LV TXLWH ORQJ VHH 6HF
WLRQ  IRU D EURDGHU RYHUYLHZ 7KH HPSKDVLV RI WKLV SDSHU LV RQ WKH XVHIXOQHVV RI W\SR
ORJLFDO OLQNV LQ EXLOGLQJ DQG XVLQJ D VKDUHG UHSUHVHQWDWLRQ 7KH VSHFLILF PHFKDQLVP RI
WUDQVIHU SURSRVHG LQ WKLV SDSHU LV EDVHG RQ EXLOGLQJ FURVVOLQJXDO HPEHGGLQJ VSDFHV LQ
ZKLFK ZRUGV VLPLODU LQ WKHLU IRUP DQG PHDQLQJ DUH ORFDWHG FORVH WR HDFK RWKHU DFURVV
FORVHO\ UHODWHG ODQJXDJHV
7KH VWXG\ SUHVHQWHG LQ WKH SDSHU HQULFKHV H[LVWLQJ WHFKQLTXHV RI EXLOGLQJ FURVV
OLQJXDO HPEHGGLQJV IURP FRPSDUDEOH FRUSRUD E\ LQWURGXFLQJ WKH:HLJKWHG /HYHQVKWHLQ
'LVWDQFH :/' ZKHQ WKH ZHLJKWV DUH DOVR REWDLQHG IURP WKH VDPH VHHG GLFWLRQDU
LHV DV XVHG IRU DOLJQLQJ WKH VSDFHV VHH 6HFWLRQ  EHORZ ,Q DGGLWLRQ WR DQ LQWULQVLF
HYDOXDWLRQ RI WKH SDUDPHWHUV RI ELOLQJXDO OH[LFRQ LQGXFWLRQ FURVVOLQJXDO HPEHGGLQJV
KDYH EHHQ HYDOXDWHG H[WULQVLFDOO\ WKURXJK WKHLU XVH LQ GRZQVWUHDP WDVNV LQ SDUWLFXODU
YLD SUHGLFWLRQ RI PRUSKRORJLFDO SURSHUWLHV RI ZRUG IRUPV 6HFWLRQ  1DPHG (QWLW\
5HFRJQLWLRQ 6HFWLRQ  DQG JHQUH FODVVLILFDWLRQ 6HFWLRQ 
:LWK UHVSHFW WR GDWD QHHGHG IRU WUDQVIHUULQJ WKH PRGHO WKLV VWXG\ DVVXPHV D PLG
UHVRXUFH VHWWLQJ
 D UHDVRQDEO\ ODUJH > 40 0 ZRUGV UDZ WH[W FRUSXV ZLWKRXW DQQRWDWLRQV LV XVHG
WR EXLOG D PRQROLQJXDO ZRUG HPEHGGLQJ VSDFH IRU HDFK ODQJXDJH
 D FRUSXV ZLWK DQQRWDWLRQV LV DYDLODEOH IRU D GRQRU ODQJXDJH ZKLOH D PXFK VPDOOHU
FRUSXV FDQ EH DYDLODEOH IRU D UHFLSLHQW ODQJXDJH DW OHDVW IRU WHVWLQJ
 D VPDOO VHHG GLFWLRQDU\ RI ELOLQJXDO HTXLYDOHQWV LV XVHG WR HVWDEOLVK D FURVVOLQJXDO
HPEHGGLQJ VSDFH
7KLV DOORZV D VHPLVXSHUYLVHG VHWXS D ODUJH UDZ WH[W FRUSXV KHOSV LQ DFKLHYLQJ JRRG
OH[LFDO FRYHUDJH DQG UREXVWQHVV E\ DFFRXQWLQJ IRU PRUH W\SLFDO FRQWH[WV LQ FRPSDULVRQ
WR VPDOOHU DQQRWDWHG FRUSRUD $W WKH VDPH WLPH DQ DQQRWDWHG GRQRU FRUSXV SURYLGHV GDWD
IRU OHDUQLQJ D PRGHO IRU WKH SKHQRPHQRQ RI LQWHUHVW VXFK DV PRUSKRORJLFDO SURSHUWLHV
RU IHDWXUHV RI JHQUHV $ VHHG GLFWLRQDU\ RI DERXW  ZRUGV LV XVHG IRU PDSSLQJ
WKH HPEHGGLQJ VSDFHV EHWZHHQ WKH ODQJXDJHV
,Q WKLV VWXG\ ODUJH UDZ WH[W FRUSRUD FRPH IURP :LNLSHGLD +RZHYHU WKLV VKRXOG
QRW QHFHVVDULO\ EH WKH FDVH $ FUDZO RI DYDLODEOH:HE UHVRXUFHV HJ WKH:DFN\ FRUSRUD
%DURQL HW DO  LV HTXDOO\ VXLWDEOH IRU WKH ILUVW VWHS 7KH DQQRWDWHG FRUSRUD XVHG
LQ WKH VWXGLHV EHORZ GHSHQG RQ WKH WDVN IRU H[DPSOH WKH PRUSKRORJLFDO DQQRWDWLRQ H[
SHULPHQW XVHV WKH UHVSHFWLYH 8QLYHUVDO 'HSHQGHQFLHV 8' Y FRUSRUD 1LYUH HW DO
 WKH 1DPHG (QWLW\ 5HFRJQLWLRQ H[SHULPHQW LV EDVHG RQ D 6ORYHQLDQ 1(5 FRUSXV
.UHN HW DO  ZKLOH WKH WH[W FODVVLILFDWLRQ H[SHULPHQW XVHV D 5XVVLDQ FROOHFWLRQ
RI JHQUH DQQRWDWHG WH[WV 6KDURII  :KHQ ODUJH SDUDOOHO FRUSRUD DUH QRW DYDLODEOH
WKH VHHG GLFWLRQDULHV FDQ EH GHULYHG IURP WKH OLQNV EHWZHHQ WKH :LNLSHGLD SDJHV LQ WKH
GRQRU DQG UHFLSLHQW ODQJXDJHV
 ,QGXFWLRQ RI FURVVOLQJXDO HPEHGGLQJV XVLQJ FRJQDWHV
 &URVVOLQJXDO HPEHGGLQJ VSDFHV
$YHFWRU VSDFH IRU ZRUGV UHSUHVHQWV HDFK ZRUG DV D YHFWRU RI D IL[HG GLPHQVLRQDOLW\ ZLWK
WKH DLP RI JURXSLQJ VHPDQWLFDOO\ VLPLODU ZRUGV FORVHU WR HDFK RWKHU LQ WKLV VSDFH 5DSS
 0RGHUQ PHWKRGV XVH QHXUDO QHWZRUNV IRU EXLOGLQJ VXFK HPEHGGLQJ VSDFHV IURP
UDZ WH[W FRUSRUD %HQJLR HW DO  2XW RI PDQ\ PHWKRGV IRU EXLOGLQJ PRQROLQJXDO
HPEHGGLQJ VSDFHV WKLV VWXG\ SULPDULO\ XVHV )DVW7H[W %RMDQRZVNL HW DO  D UHFHQW

7DEOH  $YDLODEOH FRUSRUD
/DQJXDJHV 8' :LNL 3(07
5RPDQFH
&DWDODQ . 0
)UHQFK . 0 .
,WDOLDQ . 0 .
3RUWXJXHVH . 0 .
5RPDQLDQ . 0
6SDQLVK . 0 .
6ODYRQLF
%HODUXVLDQ . 0
%XOJDULDQ . 0
&URDWLDQ . 0
&]HFK . 0 .
3ROLVK . 0 .
5XVVLDQ . 0 .
6ORYDN . 0
6ORYHQLDQ . 0
8NUDLQLDQ . 0
DSSURDFK ZKLFK FRPELQHV WKH WUDGLWLRQDO VNLSJUDP PRGHO ZLWK D PRGHO IRU EXLOGLQJ
WKH HPEHGGLQJ YHFWRUV IRU FKDUDFWHU QJUDPV ZLWKLQ ZRUGV 7KLV LQFRUSRUDWHV VRPH
LQIRUPDWLRQ IURP WKH VXEZRUG OHYHO LQWR WKH ZRUG HPEHGGLQJ YHFWRU
$ FRPPRQO\ XVHG PRGHO IRU EXLOGLQJ D FURVVOLQJXDO HPEHGGLQJ VSDFH LV EDVHG RQ
FRQVWUXFWLQJ D OLQHDU WUDQVIRUPDWLRQ PDWUL[: IRU WUDQVIRUPLQJ RQH RI WKH PRQROLQJXDO
VSDFHV WR WKH RWKHU RQH E\ PLQLPLVLQJ WKH IROORZLQJ REMHFWLYH
PLQ:
∑
||:ei − fi||2 
ZKHUH ei ∈ ( DQG fi ∈ ) DUH WKH UHVSHFWLYH HPEHGGLQJ YHFWRUV LQ WKH WZR ODQJXDJHV
IRU ZRUGV ZKLFK DUH VXSSRVHG WR EH WUDQVODWLRQV RI HDFK RWKHU DFFRUGLQJ WR WKH VHHG
GLFWLRQDU\ 7KLV VWXG\ XVHV D PHWKRG IRU EXLOGLQJ : YLD 69' $UWHW[H HW DO 
ZKLFK HQVXUHV WKDW: LV DQ RUWKRJRQDO PDWUL[ EXLOW XVLQJ D FORVHG IRUP VROXWLRQ
: = 9× 8T 
ZKHQ 9 DQG 8 DUH WKH PDWULFHV IURP WKH 69' IDFWRULVDWLRQ RI ) × (T  VHH $UWHW[H
HW DO  IRU MXVWLILFDWLRQ DQG GLVFXVVLRQ
 &URVVOLQJXDO PDSSLQJ XVLQJ FRJQDWHV
7KH PHWKRG IRU FURVVOLQJXDO PDSSLQJ DFURVV UHODWHG ODQJXDJHV LQ WKLV VWXG\ FRQVLVWV
RI WKUHH VWHSV
 DXWRPDWHG FROOHFWLRQ RI VHHG ELOLQJXDO GLFWLRQDULHV
 GHWHUPLQLQJ ZHLJKWV IRU WKH /HYHQVKWHLQ 'LVWDQFH /' IURP WKH VHHG GLFWLRQDU
LHV
 DOLJQPHQW RI PRQROLQJXDO HPEHGGLQJV E\ OLQHDU WUDQVIRUPDWLRQ XVLQJ RUWKRJR
QDOLVDWLRQ DQG :HLJKWHG /' :/'

7DEOH  $OLJQPHQWV IURP :LNLSHGLD IRU WLWOHV DQG ZRUGV
3ROLVK WLWOH 5XVVLDQ WLWOH (QJOLVK WLWOH
= Ī\FLD PDULRQHWHN ɂɡ ɠɢɡɧɢ ɦɚɪɢɨɧɟɬɨɤ )URP WKH /LIH RI WKH 0DULRQHWWHV
:VNDĨQLN MDNRĞFL Ī\FLD ɂɧɞɟɤɫ ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ 4XDOLW\RIOLIH LQGH[
:RUG IRUPV DOLJQHG IRU WKH VHHG GLFWLRQDU\
3ROLVK 5XVVLDQ (QJOLVK
%XGDSHV]W Ȼɭɞɚɩɟɲɬ %XGDSHVW
NDSUDO ɤɚɩɪɚɥ FRUSRUDO
PDULRQHWHN ɦɚɪɢɨɧɟɬɨɤ PDULRQHWWHV
RUJDQL]DF\MQHJR ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ RUJDQLVDWLRQDO
SDWULDUFK\ ɩɚɬɪɢɚɪɯɚ SDWULDUFK
WURSLNDOQ\ ɬɪɨɩɢɱɟɫɤɢɣ WURSLFDO
&KDUDFWHU DOLJQPHQW IRU ZRUG IRUPV P D U L R Q H W H Nɦ ɚ ɪ ɢ ɨ ɧ ɟ ɬ ɨ ɤ
Ī \ F L D
ɠ ɢ ɡ ɧ ɢ
7KH VHHG GLFWLRQDULHV FDQ EH SURYLGHG E\ ZRUG DOLJQPHQW RI ODUJH SDUDOOHO FRUSRUD
,Q D ORZ UHVRXUFH VHWWLQJ WKH VHHG GLFWLRQDULHV FDQ EH REWDLQHG IURP WKH WLWOHV RI LQWHU
OLQNHG:LNLSHGLD DUWLFOHV LQ WZR ODQJXDJHV L:LNL OLQNV VHH H[DPSOHV RI DOLJQHG WLWOHV
LQ 7DEOH  7KLV KHOSV LQ PRGHOOLQJ VFHQDULRV ZKHQ IHZ SDUDOOHO WH[WV DUH DYDLODEOH VXFK
DV IRU WKH 3ROLVK5XVVLDQ SDLU (YHQ WKRXJK 3ROLVK LV LQFOXGHG LQ (XURSDUO DQG 5XVVLDQ
LV LQ WKH 81 FRUSXV YHU\ IHZ UHOLDEOH UHVRXUFHV DUH DYDLODEOH IRU WKH 3ROLVK5XVVLDQ SDLU
LWVHOI 7KH WLWOHV KDYH EHHQ ZRUGDOLJQHG XVLQJ )DVW$OLJQ '\HU HW DO  7KH UH
VXOWLQJ ZRUGOHYHO GLFWLRQDULHV KDYH EHHQ ILOWHUHG DJDLQVW WKH UHVSHFWLYH IUHTXHQF\ OLVWV
VLQFH WKH :LNLSHGLD WLWOHV DUH GRPLQDWHG E\ UHODWLYHO\ LQIUHTXHQW SURSHU QDPHV ZKLFK
DUH QRW UHSUHVHQWDWLYH IRU WKH SURSHUWLHV RI WKH JHQHUDO OH[LFRQ 7DEOH  OLVWV D UDQGRP
VHOHFWLRQ RI WKH ZRUG IRUPV DOLJQHG IRU WKH 3ROLVK5XVVLDQ SDLU
,Q DGGLWLRQ WR SURYLGLQJ WKH WUDLQLQJ OH[LFRQ D VHHG GLFWLRQDU\ FDQ DOVR EH XVHG
WR SURYLGH D FKDUDFWHUOHYHO PRGHO IRU PDWFKLQJ WKH FRJQDWHV YLD :/' VHH WKH SDUW
RI 7DEOH  IRU H[DPSOHV RI FKDUDFWHU DOLJQPHQW 7KH SDLUV RI ZRUGV IURP WKH WUDLQLQJ
GLFWLRQDU\ KDYH EHHQ DOLJQHG RQ WKH FKDUDFWHU OHYHO DJDLQ XVLQJ )DVW$OLJQ LQ WKLV VWXG\
WR SURGXFH WKH SUREDELOLWLHV RI UHJXODU FRUUHVSRQGHQFHV EHWZHHQ WKH FKDUDFWHUV LQ WKH
WZR ODQJXDJHV 7KH FKDUDFWHU DOLJQPHQW PRGHO LV SDUWLFXODUO\ LPSRUWDQW IRU HVWDEOLVKLQJ
RUWKRJUDSKLF VLPLODULW\ ZKHQ WKH WZR ODQJXDJHV XVH GLIIHUHQW FKDUDFWHU VHWV VXFK DV WKH
FDVH IRU 3ROLVK DQG 5XVVLDQ )RU H[DPSOH WKH FKDUDFWHUV ZLWK WKH KLJKHVW SUREDELOLW\
IRU WUDQVODWLQJ WKH 5XVVLDQ FKDUDFWHUV ɮ DQG ɥ LQWR 3ROLVK DUH UHVSHFWLYHO\ f DQG á
,Q WKH HQG WKH VWDQGDUG HGLW RSHUDWLRQV IRU FRPSXWLQJ WKH WUDGLWLRQDO QRUPDOLVHG
/HYHQVKWHLQ 'LVWDQFH FDQ EH ZHLJKWHG E\ WKH SUREDELOLWLHV RI WKHLU FKDUDFWHUOHYHO DOLJQ
PHQWV
WLD(se, sf ) =
∑
(e,f)∈al(se,sf )
(1− p(f |e))
PD[(len(se), len(sf )) 
ZKHUH se DQG sf DUH ZRUGV LQ WKH WZR ODQJXDJHV al LV D VHW RI WKHLU DOLJQPHQWV p(f |e)
LV WKH SUREDELOLW\ IURP WKH FKDUDFWHU DOLJQPHQW PRGHO 7KH GLVWDQFH LV QRUPDOLVHG E\
WKH OHQJWK RI WKH ORQJHVW ZRUG
?iiTb,ff;Bi?m#X+QKf+H#frBFBT2/B@T`HH2H@iBiH2b

*LYHQ WKDW HYHQ FRUUHFWO\ DOLJQHG ZRUGV IURP WKH :LNLSHGLD WLWOHV IRU UHODWHG ODQ
JXDJHV DUH QRW QHFHVVDULO\ FRJQDWHV HJ ZVNDĨQLN YV ɢɧɞɟɤɫ µLQGH[¶ IURP 7DEOH  WKH
SURFHVV RI JHWWLQJ WKH /HYHQVKWHLQ ZHLJKWV UDQ LQ WZR VWHSV ,Q WKH ILUVW VWHS DQ LQLWLDO
HVWLPDWH RI WKH FKDUDFWHU WUDQVODWLRQ SUREDELOLWLHV ZDV SURGXFHG IURP DOO ZRUG SDLUV LQ
WKH VHHG GLFWLRQDU\ 7KLV ZDV XVHG IRU DVVHVVLQJ WKH URXJK :/' EHWZHHQ WKHP 7KH
PRVW OLNHO\ FRJQDWHV DFFRUGLQJ WR WKLV URXJK :/' ZHUH XVHG DV WKH LQSXW IRU WKH VHF
RQG LWHUDWLRQ RI FKDUDFWHUOHYHO DOLJQPHQWV 7KH :/' WKUHVKROG IRU FKRRVLQJ WKH PRVW
OLNHO\ FRJQDWHV ZDV GHWHUPLQHG IRU HDFK ODQJXDJH SDLU LQGLYLGXDOO\ 5HSHDWHG DSSOLFD
WLRQ RI WKHVH VWHSV GLG QRW UHVXOW LQ DQ\ LPSURYHPHQWV LQ GHWHFWLQJ FRJQDWHV
7KH YDOXH RI HLWKHU /' RU :/' FDQ EH XVHG DV D IDFWRU IRU VFRULQJ WKH WUDQVODWLRQ
VXJJHVWLRQV
score(se, sf ) = α FRV(ve, vf ) + (1− α)(1−WLD(se, sf )) 
ZKHUH se DQG sf DUH ZRUGV LQ WKH WZR ODQJXDJHV ve DQG vf DUH WKHLU HPEHGGLQJ YHFWRUV
LQ WKH FURVVOLQJXDO HPEHGGLQJ VSDFH ZKLOH α LV WKH UHODWLYH ZHLJKW RI WKH FRVLQH VLPL
ODULW\ 8QOLNH WKH FRVLQH VLPLODULW\ PHDVXUH WKH :/' YDOXH LV JUHDWHU IRU PRUH UHPRWH
VWULQJV
:KLOH WKH FRPELQHG VFRUH LV XVHIXO IRU SURGXFLQJ ELOLQJXDO GLFWLRQDULHV LW GRHV QRW
DIIHFW WKH ELOLQJXDO HPEHGGLQJ VSDFH E\ LWVHOI $ FORVHG IRUP VROXWLRQ IRU RUWKRJRQDO
LVDWLRQ DV XVHG LQ  KHOSV LQ LPSURYLQJ DOLJQPHQW TXDOLW\ LQ WKH JHQHUDO FDVH +RZ
HYHU LW GRHV QRW DOORZ DGMXVWLQJ WKH WUDQVIRUPDWLRQ PDWUL[ E\ WDNLQJ LQWR DFFRXQW WKH
RUWKRJUDSKLF VLPLODULW\ EHWZHHQ WKH FRJQDWHV $Q HDV\ ZD\ IRU LQFRUSRUDWLQJ WKLV LQIRU
PDWLRQ LQWR WKH FURVVOLQJXDO HPEHGGLQJ VSDFH LV E\ DOLJQLQJ WKH HQWLUH OH[LFRQV IURP
WKH FURVVOLQJXDO VSDFH XVLQJ WKH :/' VFRUH IURP  DQG VHOHFWLQJ WKH PRVW VLPLODU
ZRUGV LQ WKLV OLVW 7KLV IDU ORQJHU OH[LFRQ FDQ EH XVHG LQVWHDG RI WKH VHHG GLFWLRQDU\ IRU
SURGXFLQJ D QHZ WUDQVIRUPDWLRQ PDWUL[ IURP  IRU UHDOLJQPHQW RI WKH DOUHDG\ DOLJQHG
FURVVOLQJXDO VSDFH IURP WKH SUHYLRXV VWHS 7KH UDWLRQDOH IRU WKLV LWHUDWLRQ LV WKDW ZH
ZDQW WR PLQLPLVH WKH GLVWDQFH EHWZHHQ WKH NQRZQ FRJQDWHV ZKLOH SUHVHUYLQJ WKH RU
WKRJRQDOLW\ RI WKH WUDQVIRUPDWLRQ PDWUL[ $JDLQ ZKLOH UHSHDWHG DSSOLFDWLRQ RI WKHVH
VWHSV LV SRVVLEOH LW GLG QRW SURGXFH EHWWHU UHVXOWV VR WKH H[SHULPHQWV EHORZ SUHVHQW WKH
UHVXOWV REWDLQHG DIWHU WZR LWHUDWLRQV
 ([SHULPHQWDO VHWXS
7KLV SDSHU UHSRUWV WZR VHWV RI H[SHULPHQWV 2QH H[SHULPHQW LQYROYHG D UHSOLFDEOH VHW
WLQJ IRU WKH (QJOLVK,WDOLDQ ODQJXDJH SDLU ZLWK WKH VWDQGDUGLVHG HPEHGGLQJV DQG WUDLQLQJ
 WHVW GLFWLRQDULHV LQLWLDOO\ GHYHORSHG IRU 'LQX HW DO  DQG XVHG LQ $UWHW[H HW DO
 (YHQ WKRXJK (QJOLVK DQG ,WDOLDQ DUH QRW FORVHO\ UHODWHG ODQJXDJHV (QJOLVK LV
D *HUPDQLF ODQJXDJH ,WDOLDQ LV IURP WKH 5RPDQFH IDPLO\ D ODUJH QXPEHU RI (QJOLVK
ZRUGV DUH ERUURZLQJV IURP 5RPDQFH ODQJXDJHV SULPDULO\ IURP )UHQFK DQG /DWLQ VR
WKH :/' DSSURDFK FRXOG ZRUN IRU WKH (Q,W SDLU DV ZHOO 7KH WHVW GLFWLRQDU\ IURP
'LQX HW DO  LQFOXGHV ERWK FRJQDWH ZRUG SDLUV VXFK DV DFDGHP\  DFFDGHPLD
DQG QRQFRJQDWH SDLUV VXFK DV DEVROYH  HVLPHUH RU DE\VPDOO\  PDOR ZKLFK DUH DOVR
RIWHQ TXHVWLRQDEOH WUDQVODWLRQ HTXLYDOHQWV 7KHUHIRUH D FRJQDWHRQO\ YHUVLRQ RI WKH
(Q,W WHVW VHW ZDV SURGXFHG E\ UHWDLQLQJ RQO\ WKH ZRUGV ZLWK WKH :/' YDOXH DERYH 
UHGXFLQJ WKH (Q,W WHVW GLFWLRQDU\ IURP  GRZQ WR  HQWULHV
,Q DGGLWLRQ WR WKH VWDQGDUGLVHG HPEHGGLQJV DV XVHG LQ 'LQX HW DO  $UWHW[H
HW DO  D QHZ VHW RI HPEHGGLQJV SURGXFHG E\ )DVW7H[W KDV EHHQ DGGHG WR WKH

7DEOH  3UHF# IRU (Q,W GLFWLRQDU\ LQGXFWLRQ
:9 YHFWRUV IURP 'LQX HW DO 
)XOO WHVW VHW
70 0LNRORY HW DO  
&&$ )DUXTXL DQG '\HU  
2UWK $UWHW[H HW DO  
*& 'LQX HW DO  
2UWK:/' 
)7 YHFWRUV IURP 0LNRORY HW DO 
)XOO WHVW VHW
)770 
)72UWK 
)72UWK:/' 
086( &RQQHDX HW DO  
)7 YHFWRUV IURP 0LNRORY HW DO 
5HGXFHG WHVW VHW ZLWK FRJQDWHV
)770 
)7*& 
)72UWK 
/' α = 0 
:/' α = 0 
)72UWK:/' α = 0.5 
)72UWK/' α = 0.73 
)72UWK:/' α = 0.73 
086( 
(QJOLVK,WDOLDQ H[SHULPHQWV ODEHOOHG DV )7 LQ 7DEOH  7KH )7 HPEHGGLQJV KDYH EHHQ
WKH EDVLV IRU WKH H[SHULPHQWV ZLWK WKH 6ODYRQLF ODQJXDJHV
7KH H[SHULPHQWV ZLWK WKH 6ODYRQLF ODQJXDJHV DOVR HPSKDVLVH WKH ORZUHVRXUFH VHW
WLQJ ZKHQ ODUJH SDUDOOHO FRUSRUD IRU WKH VHHG GLFWLRQDULHV DUH QRW DOZD\V DYDLODEOH VR
WKH VHHG GLFWLRQDULHV IRU EXLOGLQJ WKH WUDQVIRUPDWLRQ PDWULFHV DQG WKH :/' ZHLJKWV
FDPH IURP WKH L:LNL OLQNV WKH ,WDOLDQ VHHG GLFWLRQDU\ XVHG LQ 'LQX HW DO  DQG
$UWHW[H HW DO  ZDV GHULYHG IURP DOLJQLQJ (XURSDUO
 ([SHULPHQWDO UHVXOWV
7KH UHVXOWV OLVWHG LQ 7DEOH  FRQILUP WKDW RUWKRJRQDOLVDWLRQ $UWHW[H HW DO  DQG
JOREDO FRUUHFWLRQ 'LQX HW DO  LPSURYH WKH DFFXUDF\ RI WUDQVODWLRQ GHWHFWLRQ LQ
FRPSDULVRQ WR WKH EDVHOLQH RI 0LNRORY HW DO  (PEHGGLQJ YHFWRUV SURGXFHG E\
LQFRUSRUDWLQJ VXEZRUG LQIRUPDWLRQ PDUNHG E\ )7 LQ 7DEOH  DOVR PDNH D FRQVLGHUDEOH
SRVLWLYH LPSDFW $GGLQJ WKH FRQVWUDLQW RI KDYLQJ RUWKRJUDSKLF FRJQDWHV /' RU :/'
LPSURYHV WKH DFFXUDF\ RI GLFWLRQDU\ LQGXFWLRQ IXUWKHU RIWHQ E\ D VXEVWDQWLDO PDUJLQ
(YHQ IRU WKH (QJOLVK,WDOLDQ SDLU ZKHUH WKH ODQJXDJHV RSHUDWH RYHU WKH VDPH DOSKDEHW
:/' RXWSHUIRUPV /' EHFDXVH LW DVVLJQV D YHU\ ORZ FRVW WR PRUH FRPPRQ VXEVWLWXWLRQV
HJ x→ s RU j → g H[DPLQHG→ HVDPLQDWR RU -HUXVDOHP→ *HUXVDOHPPH
7KH EHVW YDOXH RI α WKH UHODWLYH ZHLJKW WR EDODQFH WKH FRQWULEXWLRQ EHWZHHQ WKH
FRVLQH VLPLODULW\ DQG WKH :HLJKWHG /HYHQVKWHLQ 'LVWDQFH ZDV HVWLPDWHG DW 0.73 XVLQJ
D GHYHORSPHQW VHW ZKLFK ZDV UDQGRPO\ H[WUDFWHG IURP WKH WUDLQLQJ GLFWLRQDU\ 7KH
VDPH YDOXH RI α = 0.73 KDV EHHQ XVHG WKURXJKRXW WKH UHPDLQLQJ H[SHULPHQWV 5HO\LQJ
H[FOXVLYHO\ RQ WKH RUWKRJUDSKLF VLPLODULW\ α = 0 OHDGV WR UHODWLYHO\ SRRU UHVXOWV
*LYHQ WKDW WKH )72UWK:/' FRPELQDWLRQ UHVXOWV LQ FRQVLVWHQWO\ EHWWHU SHUIRU
PDQFH WKH UHVXOWV RI GLFWLRQDU\ LQGXFWLRQ DFURVV 6ODYRQLF ODQJXDJHV DUH VKRZQ RQO\
IRU WKLV VHWXS 7DEOH  7KH URZ ODEHOOHG &RJQDWHV OLVWV WKH QXPEHU RI :/' FRJ

7DEOH  'LFWLRQDU\ LQGXFWLRQ UHVXOWV IRU 6ODYRQLF ODQJXDJHV
'LFWLRQDU\ LQGXFWLRQ ZLWKRXW :/'
VOKU VOFV VOSO VOUX UXXN FVVN
7UDLQ GLF      
&RJQDWHV      
3UHF#      
3UHF#      
086( 3UHF#  
'LFWLRQDU\ LQGXFWLRQ ZLWK :/'
VOKU VOFV VOSO VOUX UXXN FVVN
3UHF#      
3UHF#      
QDWHV UHWULHYHG IRU WKH VHFRQG LWHUDWLRQ RI DOLJQPHQW 7KH DPRXQW RI XVHDEOH FRJQDWHV
GHSHQGV RQ WKH VL]H RI WKH :LNL FRUSRUD XVHG IRU WUDLQLQJ VHH 7DEOH  DV ZHOO DV RQ
WKH W\SRORJLFDO GLVWDQFH EHWZHHQ WKH ODQJXDJHV &RPSDULVRQ RI WKH 6ODYRQLF GLFWLRQDU\
LQGXFWLRQ UHVXOWV WR WKH (QJOLVK,WDOLDQ SDLU VKRZV HYHQ PRUH VLJQLILFDQW LPSURYHPHQWV
WKURXJK WKH XVH RI :/' RFFDVLRQDOO\ IURP 0.429 WR 0.840 IRU WKH 6ORYHQLDQ&URDWLDQ
SDLU 7KH :LNLSHGLD FRUSXV XVHG IRU &URDWLDQ LV TXLWH VPDOO IRU UHOLDEOH WUDLQLQJ RI
PRQROLQJXDO HPEHGGLQJV VR LQFRUSRUDWLQJ WKH :/' VFRUH FRQWULEXWHV WR LPSURYLQJ
WKH LQLWLDO GHILFLHQFLHV RI LWV VSDFH
7KH )DVW7H[W YHFWRUV RI  GLPHQVLRQV EXLOW IURP WKH :LNLSHGLDV IRU WKH VHOHFWHG
%DOWR6ODYRQLF ODQJXDJHV %HODUXVVLDQ &]HFK &URDWLDQ /LWKXDQLDQ 3ROLVK 6ORYDN
6ORYHQH 8NUDLQLDQ KDYH EHHQ WUDQVIRUPHG LQWR D VKDUHG 3DQVODYRQLF HPEHGGLQJ VSDFH
)RU FRQYHQLHQFH RI UXQQLQJ FURVVOLQJXDO H[SHULPHQWV (QJOLVK KDV DOVR EHHQ DGGHG WR
WKH VKDUHG HPEHGGLQJ VSDFH ,Q VSLWH RI WKH IDFW WKDW LW LV QRW D FORVHO\ UHODWHG ODQ
JXDJH LWV DOLJQPHQW WR WKH 6ODYRQLF ODQJXDJHV EHQHILWV IURP WKH :/' EHFDXVH RI D
ODUJH QXPEHU RI FRJQDWHV VXFK DV WKH QDPHV RI ORFDWLRQV SHUVRQDO QDPHV DQG ERUURZ
LQJV $QRWKHU VKDUHG HPEHGGLQJ VSDFH ZDV SURGXFHG IRU VHOHFWHG 5RPDQFH ODQJXDJHV
 7UXH FRJQDWHV DQG IDOVH IULHQGV
,W LV ZHOO NQRZQ WKDW HYHQ FORVHO\ UHODWHG ODQJXDJHV KDYH D QXPEHU RI IDOVH IULHQGV IRU
H[DPSOH 0LVW LQ *HUPDQ PHDQV µPDQXUH¶ XQOLNH PLVW DV XVHG LQ (QJOLVK +RZHYHU D
FORVHU ORRN DW WKH OLVW RI FRJQDWHV VKRZV WKDW WKHUH LV D FOLQH RI FDVHV
 FRQVLVWHQWO\ IDOVH IULHQGV HJ EH]FHQQ\PHDQV µZRUWKOHVV¶ LQ 3ROLVK DQG µLQYDOX
DEOH¶ LQ &]HFK
 SDUWLDO IDOVH IULHQGV HJ HJ åHQD FDQ PHDQ HLWKHU µZLIH¶ RU µZRPDQ¶ LQ D QXP
EHU RI 6ODYRQLF ODQJXDJHV HJ &URDWLDQ ZKLOH LWV FRJQDWH ɠɟɧɚ LQ 5XVVLDQ
DOZD\V PHDQV µZLIH¶
 DFWXDO FRJQDWHV ZLWK XQFRPPRQ GLYHUJHQW VHQVHV HJ VLPLODUO\ WRɠɟɧɚ LQ 5XV
VLDQ LQ 3ROLVK ĪRQD PHDQV µZLIH¶ ZKLOH UDUHO\ LW FDQ DOVR PHDQ µZRPDQ¶
7KHUHIRUH WKH ERXQGDU\ EHWZHHQ WUXH FRJQDWHV DQG IDOVH IULHQGV LV TXLWH IOH[LEOH
7KLV FDQ OHDG WR VRPH GLVDJUHHPHQW EHWZHHQ WKH DQQRWDWRUV ZLWK UHVSHFW WR ZKDW FRQ
VWLWXWHV IDOVH IULHQGV VHH DOVR D GLVFXVVLRQ LQ )LãHU DQG /MXEHãLü 

7DEOH  2UGHULQJ IDOVH IULHQGV LQ FRJQDWH OLVWV
5XVVLDQ &]HFK )DOVH :/' &RV :& %HVW &RV %HVW &RV:/'
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 SRFKRSLWHOQi  WDN\ 
ɫɬɨɥɢɰɚ VWROLFH    PČVWR  PČVWR 
ɡɚɤɚɡ ]iND]    ]DNi]ND  ]DNi]ND 
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 þHUYHQê 
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   YêVWXS  SĜHFKRG 
ɩɨɜɟɫɬɶ SRYČVW    SRYtGND  SRYtGND 
ɠɢɜɨɬ åLYRW    QRK\  QRK\ 
ɪɨɞɢɧɚ URGLQD    GRPRYLQD  GRPRYLQD 
ɯɭɞɨɣ FKXGê    ]EČKOê  KRGQê 
ɝɥɚɜɚ KODYD    VWDURVWD  VWDURVWD 
ɜɥɚɫɬɶ YODVW    VYUFKRYDQRVW  YOiGD 
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  GYRMLFH  SiU 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 KRGLQD 
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  ]DSDPDWRYDW  ]DSDPDWRYDW 
ɦɥɚɞɟɧɟɰ POiGHQHF    FKODSHF  POiGHQHF 
ɦɭɠ PXå    PDQåHO  PDQåHO 
ɭɠɚɫɧɵɣ ~åDVQê    SĜtãHUQê  GČVLYê 
ɬɵɤɜɚ W\NHY    NGRXOH  W\NYH 
ɫɥɨɜɟɧɫɤɢɣ VORYHQVNê    FKRUYDWVNê  VORYLQVNê 
ɫɬɭɥ VWĤO    VWĤO  VWĤO 
ɩɚɥɟɰ SDOHF    SUVW  SDOHF 
ɩɨɫɬɟɥɶ SRVWHO    SRVWHO  SRVWHO 
ɡɚɩɚɯ ]iSDFK    YĤQČ  ]iSDFK 
ɨɜɨɳɢ RYRFH    ]HOHQLQ\  RYRFH 
ɭɝɨɥ ~KHO    ~KHO  ~KHO 
ɫɥɵɲɚɬɶ VO\ãHW    VO\ãHW  VO\ãHW 
0RQROLQJXDO ZRUG HPEHGGLQJV DUH EXLOW WR UHIOHFW WKH VLPLODULW\ RI WKHPRVW FRPPRQ
FRQWH[WV YLD WKH GLVWDQFH EHWZHHQ WKH HPEHGGLQJ YHFWRUV VR WKH IDOVH IULHQGV DUH OLNHO\
WR KDYH IDLUO\ GLVWDQW YHFWRUV DV LQGLFDWHG E\ ORZ FRVLQH VLPLODULW\ YDOXHV +RZHYHU

7DEOH  )RUPV RI DGMHFWLYHV LQ 5XVVLDQ DQG 8NUDLQLDQ
)RUPV RI 5XVVLDQ 8NUDLQLDQ
JUHHQ 0DVF )HP 0DVF )HP
1RPLQDWLYH ɡɟɥɺɧɵɣ ɡɟɥɺɧɚɹ ɡɟɥɟɧɢɣ ɡɟɥɟɧɚ
*HQLWLYH ɡɟɥɺɧɨɝɨ ɡɟɥɺɧɨɣ ɡɟɥɟɧɨɝɨ ɡɟɥɟɧɨʀ
'DWLYH ɡɟɥɺɧɨɦɭ ɡɟɥɺɧɨɣ ɡɟɥɟɧɨɦɭ ɡɟɥɟɧɿɣ
,QVWUXPHQWDO ɡɟɥɺɧɵɦ ɡɟɥɺɧɨɣ ɡɟɥɟɧɢɦ ɡɟɥɟɧɨɸ
/RFDWLYH ɡɟɥɺɧɨɦ ɡɟɥɺɧɨɣ ɡɟɥɟɧɨɦɭ ɡɟɥɟɧɿɣ
WKH :/' UHIOHFWV WKH VLPLODULW\ RI WKH ZRUG IRUPV WKXV OHDGLQJ WR WKH SRVVLELOLW\ RI
VHOHFWLQJ IDOVH IULHQGV DV SRVVLEOH WUDQVODWLRQ HTXLYDOHQWV 7KHUHIRUH WKH 3DQVODYRQLF
HPEHGGLQJ VSDFH KDV EHHQ WHVWHG DJDLQVW DYDLODEOH OLVWV RI 6ODYRQLF IDOVH IULHQGV WR
GHWHUPLQH WKH DPRXQW RI QRQFRJQDWH QRLVH LQWURGXFHG WKURXJK WKH XVH RI :/'
$ XVHIXO WHVWEHG LV SURYLGHG E\ WKH )DOVH )ULHQGV RI WKH 6ODYLVW ZKLFK FRYHUV PRVW
RI WKH ODQJXDJH SDLUV IRU WKH 3DQVODYRQLF VHW HYHQ WKRXJK LWV FRYHUDJH GLIIHUV DFURVV WKH
ODQJXDJH SDLUV 7KH ILUVW WZR FROXPQV LQ 7DEOH  OLVW WKH IDOVH IULHQGV IRU WKH 5XVVLDQ
&]HFK GLUHFWLRQ SURYLGHG LQ WKH GLFWLRQDU\ 7KH\ FDQ EH UDQNHG E\ WKHLU VLPLODULW\
VFRUHV &ROXPQ µ&RV¶ ZLWK WKH WRS ZRUGV FRUUHVSRQGLQJ WR FRQVLVWHQWO\ IDOVH IULHQGV
DV WKHLU FRQWH[WV W\SLFDOO\ GLIIHU 7KH ZRUGV DW WKH ERWWRP RI WKH OLVW WHQG WR EH DFWXDO
FRJQDWHV ZKLFK KDYH EHHQ LQFOXGHG LQ WKH JROGVWDQGDUG OLVWV EHFDXVH WKH\ DOVR KDYH
VRPH GLYHUJHQW XVHV :KLOH WKH ZRUGV DW WKH ERWWRP RI WKH OLVWV FDQ EH SRWHQWLDO IDOVH
IULHQGV FRUSXV HYLGHQFH IRU WKH PRVW FRPPRQ VHQVHV VXJJHVWV WKDW WKHLU GLYHUJHQW VH
PDQWLF FRPSRQHQWV DUH XQFRPPRQ DW OHDVW LQ WKH :LNLSHGLD FRUSXV XVHG IRU EXLOGLQJ
WKH HPEHGGLQJV 2IWHQ WKHUH LV D PLVPDWFK EHWZHHQ GLFWLRQDU\ GHILQLWLRQV DQG WKH DF
WXDO FRUSXV XVH )RU H[DPSOH ZKLOH WKH 5XVVLDQ ZRUG ɡɚɩɚɯ µVPHOO¶ LV QHXWUDO LQ LWV
GLFWLRQDU\ VHQVH WKH PDMRULW\ RI LWV FROORFDWLRQV DUH QHJDWLYH µXQSOHDVDQW¶ µSXQJHQW¶
µIRXO¶ VLPLODUO\ WR WKH FROORFDWLRQV RI WKH ZRUG RGRXU LQ (QJOLVK WKXV OHDGLQJ WR LWV
HPEHGGLQJ YHFWRU EHLQJ FORVHU WR ]iSDFK LQ &]HFK ZKLFK PHDQV µXQSOHDVDQW VPHOO¶
+LJKHU RUWKRJUDSKLF VLPLODULW\ ORZHU :/' LQFUHDVHV WKH ILQDO VFRUH IRU DOO IDOVH
IULHQGV +RZHYHU WKH FRQVLVWHQWO\ IDOVH IULHQGV KDYH YHU\ ORZ FRVLQH VLPLODULW\ VFRUHV
VR WKDW WKH ZHLJKWHG VXP QHHGV WR FRPSHWH ZLWK RWKHU YHFWRUV ZKLFK DUH FORVHU VHPDQ
WLFDOO\ 7KH ODVW IRXU FROXPQV LQ 7DEOH  OLVW WKH &]HFK YHFWRUV FORVHVW WR WKH 5XVVLDQ
NH\ZRUGV DFFRUGLQJ WR WKH SODLQ FRVLQH PHDVXUH DV ZHOO DV LWV ZHLJKWHG VXP ZLWK WKH
:/' α = 0.73 7KH FRUUHFW GLFWLRQDU\ WUDQVODWLRQV DUH LQGLFDWHG LQ EROG ZKLOH WKH
SDUWLDOO\ FRUUHFW WUDQVODWLRQV VXFK DV ɡɚɩɚɯ YV ]iSDFK DUH LQ LWDOLFV ,Q VRPH FDVHV WKH
:/' KHOSV LQ FRUUHFWLQJ WKH UDZ FRVLQH PHDVXUHV VHYHQ LQVWDQFHV HJ VORYHQVNê YV
VORYLQVNê ZKLOH LQ WKUHH FDVHV XVLQJ WKH ZHLJKWHG VXP GHVHOHFWV WKH FRUUHFW FKRLFH EXW
RQO\ ZKHQ WKH LQLWLDO VLPLODULW\ VFRUH ZDV KLJK SUVW µILQJHU¶ YV SDOHF µWKXPE¶ :H FDQ
FRQFOXGH WKDW WKH :/' VFRUH WHQGV WR EH KHOSIXO HYHQ LQ WKH GLIILFXOW FDVH RI GHDOLQJ
ZLWK IDOVH IULHQGV

 $SSOLFDWLRQ VWXGLHV
 0RUSKRORJ\ SUHGLFWLRQ
 3UHGLFWLRQ RI V\QFUHWLVP
7KH SUHYLRXV VHFWLRQ VKRZV WKDW D SURFHGXUH IRU DOLJQLQJ WKH FURVVOLQJXDO HPEHGGLQJ
VSDFHV FDQ EHQHILW IURP WDNLQJ WKH VLPLODULW\ EHWZHHQ WKH ODQJXDJHV LQWR DFFRXQW 6R
IDU WKH SURSRVHG SURFHGXUH DVVXPHG D RQHWRRQH PDSSLQJ QDPHO\ WKDW RQH IRUP LQ WKH
GRQRU ODQJXDJH FRUUHVSRQGV WR RQH IRUP LQ WKH UHFLSLHQW ODQJXDJH :KLOH WKH SUREOHP
ZLWK KRPRQ\P\ DQG SRO\VHP\ RI WUDQVODWLRQ HTXLYDOHQWV LV LPSRUWDQW LQ WKH JHQHUDO
FDVH WKLV SUREOHP LV UHODWLYHO\ PLQRU LQ UHODWHG ODQJXDJHV EHFDXVH WKHLU ZRUGV WHQG WR
NHHS WKH VDPH GLVWULEXWLRQ RI PHDQLQJV ZLWK UHODWLYHO\ IHZ H[FHSWLRQV VHH WKH VWXG\ RI
IDOVH IULHQGV DERYH
+RZHYHU D IDU PRUH FRPPRQ SUREOHP FRQFHUQV GLIIHUHQFHV LQ V\QFUHWLVP LH
ZKHQ RQH IRUP FDQ VHUYH VHYHUDO JUDPPDWLFDO IXQFWLRQV )RU H[DPSOH WKH YHUEV LQ
)UHQFK KDYH WKH VDPH HQGLQJV IRU WKH ILUVW DQG WKLUGSHUVRQ IRUPV ZKLOH WKHVH IRUPV
DUH GLIIHUHQW LQ 6SDQLVK
)UMHLO DQWLFLSH YV (V\R DQWLFLSRHO DQWLFLSD
7KHUHIRUH D VLQJOH IRUP LQ )UHQFK QHHGV WR EH VLPLODU WR WZR IRUPV LQ 6SDQLVK
6\QFUHWLVP LV YHU\ FRPPRQ LQ 6ODYRQLF ODQJXDJHV DV ZHOO 7DEOH  VKRZV WKH GLI
IHUHQW FDVH HQGLQJV IRU WKH 5XVVLDQ DQG 8NUDLQLDQ DGMHFWLYHV ,Q 5XVVLDQ DOO IHPLQLQH
QRQQRPLQDWLYH IRUPV RI ɡɟɥɟɧɵɣ µJUHHQ¶ KDYH WKH VDPH HQGLQJ ZKLOH WKH HQGLQJV
LQ 8NUDLQLDQ GLIIHU LQ HDFK FDVH 7KH UHYHUVH LV WUXH IRU WKH PDVFXOLQH GDWLYH DQG ORFD
WLYH IRUPV ZKLFK DUH GLIIHUHQW LQ 5XVVLDQ DQG LGHQWLFDO LQ 8NUDLQLDQ 6R FURVVOLQJXDO
PDSSLQJ EHWZHHQ WKH IRUPV QHHGV WR DGGUHVV WKH SUREOHP RI YDULDWLRQV LQ V\QFUHWLVP
HYHQ DFURVV FORVHO\ UHODWHG ODQJXDJHV
 ([SHULPHQWDO VHWXS
$ SRVVLEOH ZD\ RI DGGUHVVLQJ WKLV SUREOHP LV E\ LQIHUULQJ LQIRUPDWLRQ DERXW PRUSKRO
RJ\ IURP WKH HPEHGGLQJV ,W LV NQRZQ WKDW WKH HPEHGGLQJV GR NHHS LQIRUPDWLRQ DERXW
WKH XQGHUO\LQJ PRUSKRORJ\ RI WKH ZRUG IRUPV HJ %HOLQNRY HW DO  7KHUHIRUH
ZH FDQ VHW WKH WDVN RI SUHGLFWLQJ PRUSKRORJLFDO SURSHUWLHV IURP WKH HPEHGGLQJV )RU
H[DPSOH ZH WUDLQ D PRGHO WR SUHGLFW WKH FDVH JHQGHU DQG QXPEHU IRU WKH WZR IDLUO\
FORVH HPEHGGLQJ YHFWRUV IURP WKH 3DQVODYRQLF VSDFH
UX ɡɟɥɺɧɨɦɭ        «
→ &DVH 'DW_*HQGHU 0DVF1HXW_1XPEHU 6LQJ
XN ɡɟɥɟɧɨɦɭ        «
→ &DVH 'DW_*HQGHU 0DVF1HXW_1XPEHU 6LQJ
→ &DVH /RF_*HQGHU 0DVF1HXW_1XPEHU 6LQJ
7KLV H[SHUWLPHQWDO VHWWLQJ KHOSV LQ WZR ZD\V )LUVW LW WHVWV WKH SRVVLELOLW\ WR GHWHU
PLQH PRUSKRORJLFDO SURSHUWLHV ZLWKLQ HDFK ODQJXDJH HYHQ DIWHU WKH FURVVOLQJXDO WUDQV
IRUPDWLRQ LQ RUGHU WR DVVHVV WKH GLIIHUHQFH EHWZHHQ WKH IRUPV RU WR DVVLJQ WKH ULJKW
WUDQVODWLRQ JLYHQ D FRQWH[W 6HFRQG LW FDQ KHOS LQ SRSXODWLQJ WKH OH[LFRQV IRU 326 WDJ
JHUV DQG SDUVHUV 7UDLQLQJ FRUSRUD HVSHFLDOO\ IRU OHVVHU UHVRXUFHG ODQJXDJHV DUH TXLWH
VPDOO VHH WKH FRUSXV VL]HV LQ 7DEOH  ZKLOH WKH SUHGLFWLRQ VHWXS XVLQJ HPEHGGLQJV
EHQHILWV IURP PRUH FRQWH[WV DYDLODEOH LQ ODUJH UDZ WH[W FRUSRUD
?iiTb,ff2MXrBFB#QQFbXQ`;frfBM/2tXT?T\QH/B/4j9Rdee9

7DEOH  3URSRUWLRQ RI 229 ZRUGV LQ WKH OH[LFRQV
&V 5X 3O 6N %H 8N
7UDLQ      
'HY      
229  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
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7DEOH  GHPRQVWUDWHV WKH GLIIHUHQFH EHWZHHQ WKH WUDLQLQJ DQG GHYHORSPHQW SDUWV RI
WKH 8' FRUSRUD ZLWK UHVSHFW WR WKHLU OH[LFRQ 7KH VPDOOHU FRUSRUD KDYH D VXEVWDQWLDO UDWH
RI 2XW2I9RFDEXODU\ 229 ZRUGV ZKLFK PDNHV WKH WDJJLQJ WDVN KDUGHU HVSHFLDOO\
JLYHQ WKDW WKHLU WDJJLQJ PRGHOV DUH EDVHG RQ YHU\ VSDUVH GDWD
7KH H[SHULPHQWDO VHWXS WHVWHG LQ WKLV VWXG\ LQYROYHV SUHGLFWLQJ SURSHUWLHV IRU QRXQV
DGMHFWLYHV DQG YHUEV IURP WKH 3DQVODYRQLF YHFWRUV  GLPHQVLRQV XVLQJ WKH 8' WUDLQ
LQJ VHWV IRU WUDLQLQJ DQG WKHLU GHYHORSPHQW VHWV IRU WHVWLQJ PRUSKRORJLFDO SUHGLFWLRQV
7KH 8' WHVW VHWV KDYH EHHQ UHVHUYHG IRU WHVWLQJ WKH DFFXUDF\ RI 326 WDJJLQJ DQG SDUV
LQJ 3UHGLFWLRQ KDV EHHQ GRQH E\ D 0XOWL/D\HU 3HUFHSWURQ 0/3 ZLWK D VLQJOH KLGGHQ
OD\HU RI  QHXURQV XVLQJ WDQK DV WKH DFWLYDWLRQ IXQFWLRQ DQG WKH $GDP RSWLPLVHU ([
SHULPHQWV ZLWK RWKHU K\SHUSDUDPHWHU VHWWLQJV GLG QRW FKDQJH WKH UHVXOWV VLJQLILFDQWO\
7ZR PRGHOV KDYH EHHQ WHVWHG
5 WUDLQLQJ XVLQJ WKH RULJLQDO 8' OH[LFRQ IRU HDFK UHFLSLHQW ODQJXDJH
' WUDLQLQJ XVLQJ FURVVOLQJXDO HPEHGGLQJ E\ WUDQVIHU IURP UHODWHG GRQRU ODQJXDJHV
&V→3O6N 5X→%H6N8N
*LYHQ WKH PXOWLODEHO VHWXS WKH HYDOXDWLRQ PHWULF LV $YHUDJH 3UHFLVLRQ IRU SUHGLFWLRQ
6RURZHU  )RU H[DPSOH ZKHQ WKH PRGHO SUHGLFWV IRXU ODEHOV IRU D ZRUG IRUP
WKUHH RI ZKLFK DUH FRUUHFW WKH SUHFLVLRQ IRU WKLV SUHGLFWLRQ LV 
 3UHGLFWLRQ UHVXOWV
7DEOH  SUHVHQWV WKH UHVXOWV RI SUHGLFWLRQ ,Q WKLV WDEOH DQG LQ WKH GLVFXVVLRQ EHORZ R
VWDQGV IRU 5HFLSLHQW D IRU 'RQRU D,O IRU WKH 'RQRU SDUW FRUUHVSRQGV WR SUHGLF
WLRQV XVLQJ WKH MRLQW HPEHGGLQJ VSDFH SURGXFHG YLD RUWKRJRQDO WUDQVIRUP DV LQ $UWHW[H
HW DO D,W FRUUHVSRQGV WR WKH MRLQ HPEHGGLQJ VSDFH SURGXFHG E\ XVLQJ :/'
LQGXFHG FRJQDWHV
&ROXPQ 7R LQGLFDWHV WKH QXPEHU RI WDJV LQ WKH WUDLQLQJ FRUSXV IRU DQ LQGLYLGXDO UH
FLSLHQW ODQJXDJH ZKLOH 7D LQGLFDWHV WKH QXPEHU RI WDJV LQ WKH GRQRU ODQJXDJH FRUSXV
,I WKH UHFLSLHQW FRUSXV LV VPDOO HJ IRU %H LW FRYHUV RQO\ D VPDOO SRUWLRQ RI SRVVLEOH
WDJV 7KH QXPEHU RI H[DPSOHV DYDLODEOH IRU WUDLQLQJ FDQ EH VLJQLILFDQWO\ LQFUHDVHG YLD
WKH GRQRU ODQJXDJH VHH &ROXPQV 7UDLQR DQG 7UDLQD PDQ\ PRUH H[DPSOHV DUH DYDLO
DEOH LQ WKH GRQRU FRUSRUD VR DGGLWLRQ RI H[DPSOHV ZDV OLPLWHG WR SURYLGH DW PRVW 
H[DPSOHV SHU WDJ 7KH GRQRU ODQJXDJH DOVR SURYLGHV PRUH H[DPSOHV SHU LQGLYLGXDO
WDJ VHH &ROXPQV 3HU7R DQG 3HU7D 7KH WHVW H[DPSOHV 7HVW ZHUH VHOHFWHG IURP WKH
GHYHORSPHQW SDUWV RI WKH UHVSHFWLYH 8' FRUSRUD IRU ZRUGV QRW DWWHVWHG LQ WKH WUDLQLQJ
FRUSRUD
7DEOH  VKRZV WKDW SUHGLFWLRQ XVXDOO\ LPSURYHV E\ WDNLQJ PRUH GDWD IURP WKH GRQRU
ODQJXDJH :KHQ WKH LQLWLDO WUDLQLQJ VHW LV YHU\ VPDOO DV LW ZDV WKH FDVH IRU %HODUXVVLDQ
WKH LPSURYHPHQW LV GUDPDWLF HJ IURP  WR  IRU %HODUXVVLDQ YHUEV 7KH RULJLQDO

7DEOH  0RUSKRORJ\ SUHGLFWLRQ UHVXOWV
/DQJXDJH 326 7R 7D 7UDLQR 3HU7R 7UDLQD 3HU7D 7HVW $3R $3D,O $3D,W
5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' 5X QRXQ 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
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 8N DGM          
' 5X QRXQ   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 
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5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' &V QRXQ   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  
YHUE          
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' &V QRXQ          
YHUE   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' 5X QRXQ 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%HODUXVVLDQ 8' FRUSXV FRQWDLQV PHUHO\  H[DPSOHV SHU YHUEDO WDJ RQ DYHUDJH ZKLFK
LV QRW HQRXJK IRU WUDLQLQJ D FODVVLILHU &RPSDULVRQ RI WKH $3D,O YV $3D,W FROXPQV
2UWKRJRQDOLVDWLRQ YV :/' VKRZV RYHUDOO LPSURYHPHQW
,Q WKH FDVH RI &]HFK WKH 8' WDJV PDNH KHDY\ XVH RI IHDWXUHV VSHFLILF WR WKH &]HFK
WUDLQLQJ FRUSXV HJ 6W\OH ZLWK VXFK YDOXHV DV &ROORTXLDO $UFKDLF 5DUH HWF DQG
1DPH7\SH *HR *LYHQ QDPH 6XUQDPH HWF ZKLFK DUH QRW XVHG LQ WKH DYDLODEOH IHDWXUH
VHWV LQ RWKHU UHODWHG ODQJXDJHV 7KHVH WZR VSHFLILF PRUSKRORJLFDO DWWULEXWHV KDYH EHHQ
UHPRYHG EHIRUH WUDLQLQJ +RZHYHU WKH QXPEHU RI &]HFK WDJV LV VWLOO TXLWH KLJK FRPSDUH
WKH QXPEHUV IRU 7R YV 7D LQ 7DEOH  IRU 3ROLVK DQG 6ORYDN 7D LV IRU &]HFK DV WKH
'RQRU ,Q WKH HQG PDQ\ &]HFK WDJV GR QRW FRQWULEXWH WR SUHGLFWLQJ WKH WDJV IRU 3ROLVK
DQG 6ORYDN LQ WKH FURVVOLQJXDO VHWWLQJ $QRWKHU REVHUYDWLRQ LV WKDW WKH JROG VWDQGDUG LV
GHULYHG IURP DQ DQQRWDWHG FRUSXV ZKLFK GRHV QRW QHFHVVDULO\ FRYHU WKH HQWLUH SDUDGLJP
IRU HDFK WHVW LWHP 7KLV PHDQV WKDW WKH SUHGLFWLRQ PRGHO RIWHQ SURGXFHV FRUUHFW UHVXOWV
ZLWKRXW UHFHLYLQJ FUHGLW IRU WKLV )RU H[DPSOH ɚɧɬɪɨɩɨɥɨɝɢɱɟɫɤɢɣ µDQWKURSRORJLFDO¶
LQ 5XVVLDQ LQ WKH JROG VWDQGDUG FRUSXV LV DQQRWDWHG DV
$'- &DVH 1RP_*HQGHU 0DVF_1XPEHU 6LQJ
ZKLOH WKH SUHGLFWHG DQQRWDWLRQ LV HTXDOO\ FRUUHFW
$'- $QLPDF\ ,QDQ_&DVH $FF_*HQGHU 0DVF_1XPEHU 6LQJ
 1DPHG (QWLW\ 5HFRJQLWLRQ
 7UDLQLQJ VHWXS
7KH FURVVOLQJXDO HPEHGGLQJ VSDFH KDV EHHQ DOVR WHVWHG WKURXJK WKH 1DPHG (QWLW\
5HFRJQLWLRQ 1(5 WDVN ZKLFK LV DLPHG DW GHWHFWLQJ DQG ODEHOOLQJ DOO RFFXUUHQFHV RI
SHUVRQ QDPHV RUJDQLVDWLRQV RU ORFDWLRQV 7KLV LV D FRQYHQLHQW GRZQVWUHDP WDVN IRU
ZKLFK WKHUH DUH H[LVWLQJ PHWKRGV DQG WHVW VHWV 5HFHQWO\ YDULRXV QHXUDO QHWZRUN DS
SURDFKHV SURGXFHG YHU\ FRQYLQFLQJ UHVXOWV IRU 1(5 &ROOREHUW HW DO  $ SDU
WLFXODU LPSOHPHQWDWLRQ XVHG LQ WKH H[WULQVLF HYDOXDWLRQ H[SHULPHQW UHSRUWHG EHORZ LV

7DEOH  ) VWULFW SUHGLFWLRQ VFRUHV IRU 1(5 DW %61/3
(& QHZV
FV KU SO UX VO XN
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7UXPS
FV KU SO UX VO XN
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EDVHG RQ D VHTXHQFH WDJJLQJ PHWKRG ZKLFK FRPELQHV ELGLUHFWLRQDO /670 ZLWK &5)
IRU PDNLQJ WKH ILQDO SUHGLFWLRQ /DPSOH HW DO  (DFK ZRUG LV UHSUHVHQWHG E\ LWV
HPEHGGLQJ YHFWRU IURP WKH VKDUHG HPEHGGLQJ VSDFH LQ DGGLWLRQ WR RWKHU HDVLO\ DYDLO
DEOH IHDWXUHV VXFK DV FKDUDFWHUOHYHO HPEHGGLQJV RU WKH SUHVHQFH RI FDSLWDOLVDWLRQ 7KH
WDJJHUV IRU LQGLYLGXDO ODQJXDJHV ZHUH WUDLQHG IURP DQ H[LVWLQJ 1(5DQQRWDWHG FRUSXV
IURP .UHN HW DO  LQ 6ORYHQLDQ XVLQJ WKH 3DQVODYRQLF HPEHGGLQJ VSDFH
6PDOO VDPSOHV IURP HDFK ODQJXDJH KDYH EHHQ DGGHG WR WKH 6ORYHQLDQ WUDLQLQJ FRUSXV
LQ RUGHU WR SURYLGH DW OHDVW VRPH LQIRUPDWLRQ IRU WKH FKDUDFWHUOHYHO HPEHGGLQJV 7KH
VPDOO DGGLWLRQDO VDPSOHV ZHUH GHULYHG IURP WKH :LNLSHGLD WLWOH QDPHV LQ WKH UHVSHFWLYH
ODQJXDJHV IRU WKH DUWLFOHV ZKLFK FDWHJRULHV PDWFKHG VXFK SDWWHUQV DV µ%LUWKV¶ IRU SHUVRQ
QDPHV µ2UJDQL]DWLRQV¶ IRU RUJDQLVDWLRQV DQG µ&RXQWULHV¶ RU µ9LOODJHV¶ IRU ORFDWLRQV
VLQFH WKH :LNLSHGLD DUWLFOHV XVXDOO\ ODFN D PRUH JHQHULF FDWHJRU\ RI ORFDWLRQV )RU
H[DPSOH DQ HQWU\ IRU D VDPSOH RI 5XVVLDQ SHUVRQ QDPHV ORRNV OLNH
ɂɝɨɪɶ %3HU ,JRU
Ʌɚɪɢɨɧɨɜ ,3HU /DULRQRY
ɝɨɜɨɪɢɬ 2 VD\V
7KH HQWU\ FRQWDLQV WKH OLNHO\ ILUVW DQG IROORZLQJ HOHPHQWV RI D QDPHG HQWLW\ %3HU DQG
,3HU UHVSHFWLYHO\ DQG LW HQGV ZLWK D WKLUG SHUVRQ YHUE ZKLFK KHOSV LQ OHDUQLQJ W\SLFDO
FRQGLWLRQV ZKHQ D QDPHG HQWLW\ HQGV 7KH PRVW FRPPRQ YHUEV DQG SUHSRVLWLRQV ZHUH
XVHG DV WKH HQGLQJ HOHPHQWV DV VHOHFWHG IURP WKH UHVSHFWLYH 8' FRUSRUD
 %61/3 1(5 VKDUHG WDVN
7KH 1(5 VKDUHG WDVN DW %61/3¶ FRQWDLQHG WZR VHSDUDWH WHVW VHWV ZLWK QR WUDLQLQJ
VHWV IRU LQGLYLGXDO ODQJXDJHV 2QH WHVW VHW ZDV EDVHG RQ QHZV UHSRUWLQJ DERXW WKH (XUR
SHDQ &RPPLVVLRQ DQRWKHU RQH RQ QHZV ZLUHV FRQFHUQLQJ 'RQDOG 7UXPS 7KH EDVHOLQH
V\VWHP 3LVNRUVNL HW DO  ZDV EDVHG RQ ODUJH JD]HWWHHUV GHYHORSHG E\ WKH -5&
ZKLOH WKH RQO\ RWKHU VXEPLVVLRQ FRYHULQJ DOO 6ODYRQLF ODQJXDJHV IURP -+8 0D\ILHOG
HW DO  ZDV EDVHG RQ SURMHFWLRQ RI 1(5 ODEHOV YLD ZRUGDOLJQHG SDUDOOHO FRUSRUD
VHH 7DEOH  DV ZHOO DV D EULHI H[SODQDWLRQ RI WKH SURMHFWLRQ DSSURDFK LQ 6HFWLRQ 
7KH VKDUHG HPEHGGLQJ VSDFH LV VXUSULVLQJO\ HIILFLHQW 7KH WUDLQLQJ FRUSXV ZDV IRU
6ORYHQLDQ VR LW SURYLGHV WKH XSSHU EDVHOLQH IRU ODQJXDJH DGDSWDWLRQ &]HFK &URDWLDQ
DQG 3ROLVK DUH VXIILFLHQWO\ VLPLODU W\SRORJLFDOO\ VR WKH DFFXUDF\ RQ WKRVH ODQJXDJHV LV
RQO\ VOLJKWO\ EHORZ ZKDW KDV EHHQ DFKLHYHG IRU 6ORYHQLDQ 5XVVLDQ DQG 8NUDLQLDQ DUH
(DVW 6ODYRQLF ODQJXDJHV IXUWKHU DZD\ W\SRORJLFDOO\ IURP WKH UHVW ZKLFK LV SUREDEO\
WKH PDLQ UHDVRQ IRU WKH PDUNHGO\ ORZHU DFFXUDF\ RI WUDQVIHU IURP WKH 6ORYHQLDQ WUDLQLQJ

7DEOH  *HQUH DQQRWDWHG FRUSRUD
5XVVLDQ 8NUDLQLDQ
GRF :RUGV GRF :RUGV
1HZV $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  
'LVFXVVLRQ %    
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    
,QIRUPDWLRQ 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    
,QVWUXFWLRQV (    
$FDGHPLF -    
/HJDO +    
)LFWLRQ .    
3HUVRQDO    
3URPRWLRQ DGV    
7RWDO    
VHW $FURVV DOO ODQJXDJHV WKH 1(5 WDJJHU KDV D SUREOHP ZLWK GHWHFWLQJ UHODWLYHO\ ORQJ
1(5V ZKLFK DUH FRPPRQ LQ WKH (& WHVW VHW VXFK DV 7KH (XURSHDQ &RQYHQWLRQ IRU
WKH 3URWHFWLRQ RI +XPDQ 5LJKWV DQG )XQGDPHQWDO )UHHGRPV ZKLOH WKH DFFXUDF\ LV
KLJKHU RQ JHQHUDO QHZVZLUH WH[WV 2YHUDOO WKH UHVXOWV DUH FRQVLGHUDEO\ ORZHU WKDQ ZKDW
KDV EHHQ DFKLHYHG IRU (QJOLVK ZKLFK FDQ EH H[SODLQHG E\ PXFK ULFKHU PRUSKRORJ\
RI WKH 6ODYRQLF ODQJXDJHV DV ZHOO DV E\ D UHODWLYHO\ VPDOO WUDLQLQJ VHW 'HVSLWH VXFK
OLPLWDWLRQV WKH WUDQVIHU PRGHO ZKLFK RQO\ XVHG WKH 6ORYHQLDQ WUDLQLQJ FRUSXV ZDV RQ
DYHUDJH PRUH VXFFHVVIXO WKDQ WKH SURMHFWLRQEDVHG PRGHO
 *HQUH FODVVLILFDWLRQ
7H[W FODVVLILFDWLRQ LV RQH RI WKH FRPPRQO\ XVHG WDVNV LQ 1/3 $ PRUH VSHFLILF WDVN
FRQFHUQV FODVVLILFDWLRQ RI WH[WV LQWR JHQUHV 6DQWLQL HW DO  VLQFH JHQUH DQQRWDWLRQ
SURYLGHV XVHIXO LQIRUPDWLRQ IRU XQGHUVWDQGLQJ NLQGV RI WH[WV D FRUSXV FRQVLVWV RI LQ DG
GLWLRQ WR XQGHUVWDQGLQJ WKH VWUXFWXUH RI LWV WRSLFV YLD 7RSLF 0RGHOLQJ %OHL HW DO 
6KDURII  8QOLNH WRSLF PRGHOLQJ ZKLFK XVXDOO\ XVHV XQVXSHUYLVHG WRSLF GLVFRY
HU\ YLD GHWHFWLRQ RI NH\ZRUGV WKH UHODWLRQVKLS EHWZHHQ WRSLFV DQG JHQUHV LV QRW ZHOO
GHILQHG VLQFH NH\ZRUGV IURP WKH VDPH WRSLF DUH RIWHQ XVHG LQ WH[WV RI GLIIHUHQW JHQ
UHV ,QVWHDG JHQUH FODVVLILFDWLRQ UHTXLUHV D VXSHUYLVHG DSSURDFK WR OHDUQ WKH DVVRFLDWLRQ
EHWZHHQ VW\OLVWLF IHDWXUHV DQG JHQUH ODEHOV
$ VXSHUYLVHG DSSURDFK QHHGV D WUDLQLQJ VHW ZKLFK PLJKW EH DYDLODEOH IRU VRPH VSH
FLILF ODQJXDJHV DQG VSHFLILF JHQUH FODVVLILFDWLRQ VFKHPHV EXW QRW IRU RWKHUV 7KH /DQ
JXDJH $GDSWDWLRQ IUDPHZRUN FDQ EH XVHG WR VROYH WKLV SUREOHP DV ZHOO WUDLQLQJ LV
GRQH XVLQJ WKH DYDLODEOH GRQRU UHVRXUFHV ZLWKLQ WKH VKDUHG FURVVOLQJXDO HPEHGGLQJ
VSDFH ZKLOH WKH UHVXOWLQJ PRGHO LV DSSOLFDEOH WR WKH UHFLSLHQW ODQJXDJH $V DQ H[DPSOH
RI VXFK VWXG\ D 5XVVLDQ JHQUHDQQRWDWHG FRUSXV 6KDURII  KDV EHHQ DSSOLHG WR
FODVVLI\ 8NUDLQLDQ WH[WV LQWR JHQUHV
)RU HYDOXDWLQJ WKH UHVXOWLQJ FODVVLILHU D VPDOO WHVWLQJ FRUSXV LV VWLOO UHTXLUHG 7KH
8NUDLQLDQ FRUSXV IRU WKLV VWXG\ KDV EHHQ FROOHFWHG IURP WKH :HE WR SURYLGH D VDPSOH RI
WKHPDMRU JHQUHV UHSUHVHQWHG LQ WKH UHVSHFWLYH 5XVVLDQ FRUSXV VHH 7DEOH  )RU WKH HDVH
RI LQWHUSUHWDWLRQ WKH FDWHJRU\ ODEHOV JLYHQ LQ EUDFNHWV LQ 7DEOH  URXJKO\ FRUUHVSRQG
WR WKH FDWHJRULHV RI WKH %URZQ &RUSXV .XþHUD DQG )UDQFLV  ZKHQHYHU SRVVLEOH

7KH 3HUVRQDO FDWHJRU\ PLVVLQJ LQ WKH %URZQ FRUSXV SULPDULO\ FRQWDLQV SHUVRQDO EORJ
HQWULHV DQG SHUVRQDO PHVVDJHV IURP VRFLDO QHWZRUNV
,Q FRPSDULVRQ WR RWKHU VXSHUYLVHG WH[W FODVVLILFDWLRQ VHWXSV VXFK DV VHQWLPHQW DQDO
\VLV JHQUH FODVVLILFDWLRQ FDQ EH ELDVHG E\ WKH WRSLFDO ZRUGV LQ WKH WUDLQLQJ FRUSXV 3H
WUHQ] DQG :HEEHU  $ FRQYHQLHQW UHSUHVHQWDWLRQ ZKLFK FDQ XVH FURVVOLQJXDO
HPEHGGLQJV DQG DW WKH VDPH WLPH FDQ KDYH WKH FDSDFLW\ WR JHQHUDOLVH D JHQUH DFURVV
WRSLFV UHSUHVHQWHG LQ WKH WUDLQLQJ VHW LV D PL[HG IHDWXUH VHW %DURQL DQG %HUQDUGLQL
 ZKLFK LV SURGXFHG E\ UHSODFLQJ WKH OHVV IUHTXHQW ZRUGV ZLWK WKHLU 326 FRGHV
ZKLOH OHDYLQJ WKH PRVW FRPPRQ ZRUGV LQ WKHLU RULJLQDO IRUP 7KH 326 FRGHV KDYH EHHQ
WDNHQ IURP WKH 8' VHW WR HQVXUH WKHLU WUDQVIHU DFURVV ODQJXDJHV )RU H[DPSOH D UHYLHZ
WH[W LQ (QJOLVK IRU LOOXVWUDWLRQ SXUSRVHV
,W ZRQ WKH 6&%:, *ROGHQ .LWH $ZDUG IRU EHVW QRQILFWLRQ ERRN RI  DQG
KDV VROG DERXW  FRSLHV
FRQYHUWV LQWR D PL[HG UHSUHVHQWDWLRQ DV
,W ZRQ WKH 35231 $'- 1281 1281 IRU EHVW 1281 1281 RI [] DQG
KDV VROG DERXW [] 1281
7KLV UHSUHVHQWDWLRQ PDNHV LW HDVLHU WR FRPSDUH WKLV UHYLHZ VQLSSHW WR RWKHU UHYLHZV
ZLWKRXW UHO\LQJ WRR PXFK RQ WKH VSHFLILF NH\ZRUGV DQG QXPHULFDO YDOXHV ZKLOH LW NHHSV
LPSRUWDQW OH[LFDO IHDWXUHV IRU GHWHFWLQJ JHQUHV VHH 3HWUHQ] DQG :HEEHU  IRU IXU
WKHU GLVFXVVLRQ FRQFHUQLQJ WKH LPSRUWDQFH RI QRQWRSLFDO UHSUHVHQWDWLRQV IRU JHQUH FODV
VLILFDWLRQ
$V IRU WKH PDFKLQH OHDUQLQJ DSSURDFK WKH JHQUH FODVVLILFDWLRQ H[SHULPHQW UHSRUWHG
KHUH XVHV D VLPSOH )HHG )RUZDUG QHWZRUN LQVSLUHG E\ )DVW7H[W -RXOLQ HW DO  ,Q
WKLV VHWXS ZH VWDUW ZLWK SUHWUDLQHG ZRUG HPEHGGLQJV IURP 6HFWLRQ  WR EXLOG D GRFX
PHQW HPEHGGLQJ UHSUHVHQWDWLRQ GRFYHF 7KHQ VLPSOH )HHG )RUZDUG QHXUDO QHWZRUNV
DUH XVHG IRU PXOWLODEHOOHG WH[W FODVVLILFDWLRQ 7KLV PHWKRG KDV EHHQ VKRZQ WR EH UREXVW
DQG HIILFLHQW LQ D QXPEHU RI VHQWLPHQW FODVVLILFDWLRQ WDVNV IRU (QJOLVK ZKLOH DFKLHYLQJ
FRPSDUDEOH DFFXUDF\ LQ FRPSDULVRQ WR PRUH FRPSOLFDWHG QHXUDO PRGHOV EDVHG RQ &11
RU /670 -RXOLQ HW DO  7KH VSHFLILF LPSOHPHQWDWLRQ LQ WKLV VWXG\ LV EDVHG RQ
.HUDV
7DEOH  SUHVHQWV WKH UHVXOWV RI FODVVLILFDWLRQ LQ WHUPV RI DYHUDJH SUHFLVLRQ ZKLFK
ZDV WKH REMHFWLYH IRU RSWLPLVLQJ WKH WUDLQLQJ SLSHOLQH *LYHQ WKH YDVW DPRXQW RI WH[WV
RQ WKH :HE RSWLPLVLQJ IRU SUHFLVLRQ KHOSV LQ H[WUDFWLRQ RI XVHIXO VDPSOH WH[WV LQ D
VSHFLILF JHQUH LQ FRQWUDVW WR UHWULHYLQJ DOO WH[WV LQ WKLV JHQUH ,Q WKH PXOWLODEHO FRQWH[W
WKH RYHUDOO TXDOLW\ RI FODVVLILFDWLRQ FDQ EH GHVFULEHG LQ WHUPV RI LWV +DPPLQJ ORVV ZKLFK
FRPSXWHV WKH SURSRUWLRQ RI LUUHOHYDQW SUHGLFWLRQV 6RURZHU  WKXV WKH ORZHU WKH
EHWWHU
7KH ILUVW WZR FROXPQV LQ 7DEOH  PDUNHG DV &9 VKRZ WKH UHVXOWV RI WUDLQLQJ FODV
VLILHUV RQ WKH UHVSHFWLYH WUDLQLQJ FRUSRUD ZLWK IROG FURVVYDOLGDWLRQ 7KH ELJJHU 5XV
VLDQ FRUSXV TXLWH SUHGLFWDEO\ SURGXFHV DPXFK EHWWHU PRGHO 7KH ODVW WZR FROXPQV VKRZ
WKH UHVXOWV RI WUDLQLQJ RQ WKH 5XVVLDQ FRUSXV ZLWK WKH WZR YHUVLRQV RI WKH FURVVOLQJXDO
HPEHGGLQJ VSDFH ZLWK DQG ZLWKRXW :/' ,Q WKH VDPH SDWWHUQ DV ZLWK WKH 1(5 WDVN
WUDQVIHUULQJ GDWD IURP WKH GRQRU ODQJXDJH XVXDOO\ KHOSV DQG WKH WUDQVIHU DFFRPSDQLHG
ZLWK WKH :/' FRJQDWHV KHOSV HYHQ PRUH )RU H[DPSOH ILFWLRQ OHJDO DQG LQVWUXFWLYH
WH[WV FDQ EH GHWHFWHG UHOLDEO\ VR WKH JHQUH FODVVLILHU LV XVHIXO IRU VHOHFWLQJ WKHLU VDPSOHV
?iiTb,ff;Bi?m#X+QKfF2`b@i2KfF2`b

7DEOH  *HQUH FODVVLILFDWLRQ UHVXOWV 3UHFLVLRQ IRU 5XVVLDQ DQG 8NUDLQLDQ5X 8NUDLQLDQ
5X8N WUDQVIHU
&9 &9 2UWK :/'
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+DPPLQJ ORVV    
IURP WKH 8NUDLQLDQ :HE $W WKH VDPH WLPH WKH UHVXOWLQJ 8NUDLQLDQ PRGHOV VXIIHU IURP
WKH PLVPDWFK EHWZHHQ WKH RULJLQDO 5XVVLDQ WUDLQLQJ VHW DQG WKH 8NUDLQLDQ WHVWLQJ VDP
SOH ,Q SDUWLFXODU WKH DFDGHPLF WH[WV LQ WKH 8NUDLQLDQ WHVWLQJ FRUSXV FDPH SULPDULO\
IURP SRSXODU VFLHQFH VRXUFHV ZKLOH WKH 5XVVLDQ PRGHO KDV EHHQ WUDLQHG RQ D UDQJH RI
UHVHDUFK DUWLFOHV
 5HODWHG VWXGLHV
7KH SRVVLELOLW\ RI GHYHORSLQJ UHVRXUFHV DFURVV ODQJXDJHV KDV EHHQ UHFRJQLVHG TXLWH
HDUO\ LQ WKH 1/3 FRPPXQLW\ HJ :X  ,Q D UXOHEDVHG DSSURDFK KDYLQJ D
VKDUHG UHSUHVHQWDWLRQ FDQ EH LQWHUSUHWHG DV D V\VWHP RI VKDUHG UXOHV ZLWK VRPH ODQJXDJH
VSHFLILF FRQVWUDLQWV ZKHQ QHFHVVDU\ %DWHPDQ HW DO 
,Q WKH PRGHUQ 0DFKLQH /HDUQLQJ SDUDGLJP WKHUH DUH VHYHUDO DSSURDFKHV WR EXLOGLQJ
PXOWLOLQJXDO PRGHOV 2QH VHW RI DSSURDFKHV XVHV SDUDOOHO FRUSRUD IRU SURMHFWLQJ DXWR
PDWLF DQQRWDWLRQV LQ RQH ODQJXDJH WR RWKHUV HJ IRU 326 WDJJLQJ 'DV DQG 3HWURY
 SDUVLQJ 7lFNVWU|P HW DO  7LHGHPDQQ  DQG 1(5 0D\ILHOG HW DO
 ,Q WKH SURMHFWLRQ DSSURDFKHV WKH GRQRU SDUW RI D SDUDOOHO FRUSXV LV DQQRWDWHG
ZLWK DQ H[LVWLQJ WRRO 7KH ODEHOV DUH SURMHFWHG LQWR WKH UHFLSLHQW ODQJXDJH YLD ZRUG
DOLJQPHQWV ZLWK SRVVLEOH DGMXVWPHQWV RI ODEHOV LQ WKH FDVH RI DOLJQPHQWV RWKHU WKDQ RQH
WR RQH 7KLV FUHDWHV D WUDLQLQJ FRUSXV IRU WKH UHFLSLHQW ODQJXDJH 7KH SUREOHP ZLWK
XVLQJ SDUDOOHO FRUSRUD LQ WKLV WDVN LV UHODWHG WR WKHLU OLPLWDWLRQV LQ WHUPV RI WRSLFV DQG
JHQUHV HYHQ IRU EHWWHU UHVRXUFHG ODQJXDJHV HJ UHVRXUFHV DUH PXFK VFDUFHU RXWVLGH RI
WKH RIILFLDO GRFXPHQWV RI (XURSDUO DQG WKH 8QLWHG 1DWLRQV $OVR HYHQ LI HDFK LQGLYLG
XDO ODQJXDJH KDV UHDVRQDEO\ JRRG SDUDOOHO UHVRXUFHV VXFK DV 3ROLVK DQG 5XVVLDQ DOLJQHG
ZLWK (QJOLVK LW LV GLIILFXOW WR ILQG D ODUJH UHOLDEOH SDUDOOHO FRUSXV ZKLFK FRQWDLQV WKLV
VSHFLILF ODQJXDJH SDLU
$QRWKHU VHW RI DSSURDFKHV XVHVPRQROLQJXDO FRPSDUDEOH FRUSRUD ZKLFK VKRXOG KHOS
LQ LPSURYLQJ UREXVWQHVV RI WUDQVIHU E\ DFFRXQWLQJ IRU PRUH W\SLFDO FRQWH[WV IRU PRUH
ODQJXDJH SDLUV 6WXGLHV LQ H[WUDFWLRQ RI ELOLQJXDO OH[LFRQV IURP FRPSDUDEOH FRUSRUD
FDQ EH WUDFHG EDFN WR DW OHDVW )XQJ  5DSS  ZKR GHVFULEHG ZRUGV YLD D

YHFWRU RI WKHLU FROORFDWHV WUDQVODWHG VRPH ZRUGV XVLQJ D VHHG GLFWLRQDU\ DQG FRPSDUHG
WKH YHFWRUV DFURVV WKH ODQJXDJHV :RUG HPEHGGLQJV EXLOW YLD SUHGLFWLQJ FRQWH[W ZRUGV
%HQJLR HW DO  KDV UHFHQWO\ EHFRPH WKH VWDQGDUG ZD\ RI UHSUHVHQWLQJ PHDQLQJV
RI ZRUGV DV WKH GLVWDQFH EHWZHHQ WKHLU HPEHGGLQJ YHFWRUV :RUG HPEHGGLQJV DFURVV
ODQJXDJHV KDYH EHHQ VWXGLHG VLQFH .OHPHQWLHY HW DO  $ VHPLQDO VWXG\ ZKLFK
WUDQVIRUPHG WKH ILHOG ZDV 0LNRORY HW DO  ZKLFK XVHG D WUDQVIRUPDWLRQ PDWUL[
70 WUDLQHG RQ D VHHG ELOLQJXDO GLFWLRQDU\ WR FRQYHUW PRQROLQJXDO ZRUG HPEHGGLQJV
LQWR D VKDUHG VSDFH 7KDW VWXG\ ZDV IROORZHG E\ RWKHU VWXGLHV DLPHG DW LPSURYLQJ WKH
SURFHVV RI 70 SURGXFWLRQ HJ YLD &DQRQLFDO &RUUHVSRQGHQFH $QDO\VLV )DUXTXL DQG
'\HU  *OREDO &RUUHFWLRQ 'LQX HW DO  RU 70 RUWKRJRQDOLVDWLRQ $UWHW[H
HW DO  7KH FURVVOLQJXDO HPEHGGLQJ VSDFH KDV EHHQ VKRZQ WR EH XVHIXO LQ WRSLF
DQG VHQWLPHQW FODVVLILFDWLRQ WDVNV HJ .OHPHQWLHY HW DO  EXW LW KDV QRW EHHQ
WHVWHG IRU JHQUHV
)HDWXUH VSDFHV ZLWK D ODUJH QXPEHU RI GLPHQVLRQV  DOVR GHPRQVWUDWH D
SKHQRPHQRQ RI KXEQHVV 5DGRYDQRYLü HW DO  LH VRPH YHFWRUV KDSSHQ WR EH LQ
FORVH SUR[LPLW\ WR PDQ\ RWKHU YHFWRUV 7KLV PDNHV VXFK YHFWRUV PRUH FRPPRQ FKRLFHV
LQ WKH OH[LFDO UHWULHYDO WDVNV OHDGLQJ WR PRUH HUURUV )RUPDOO\ D ZRUG w LV PDSSHG WR
D VHW RI ZRUGV Nk(w) IRU ZKLFK WKLV ZRUG LV ZLWKLQ WKHLU k QHDUHVW QHLJKERXUV :RUGV
ZLWK WKH ODUJHVW |Nk(w)| DUH W\SLFDOO\ XQZDQWHG KXEV 2IWHQ VXFK ZRUGV KDYH UH
VWULFWHG FRQWH[W RI WKHLU XVH HJ WURRSV  UHWUHDWHG  FDYDOU\  DUH VXFK
KXEV LQ WKH )DVW7H[W (QJOLVK VSDFH LQGXFHG IURP :LNLSHGLD WKH QXPEHUV LQ EUDFNHWV
UHIHU WR WKHLU |N20| KXEQHVV LQGH[ LH WKHUH DUH  ZRUGV IRU ZKLFK WKH ZRUG WURRSV
LV LQ WKH OLVW RI WKHLU  FORVHVW QHLJKERXUV ZKLOH WKH PHGLDQ |N20| KXEQHVV LQGH[ RQ
WKH (QJOLVK :LNLSHGLD LV  'LQX HW DO  REVHUYH WKDW WKH KXEQHVV SKHQRPHQRQ
EHFRPHV PRUH SURQRXQFHG DIWHU OLQHDU WUDQVIRUPDWLRQ VLQFH WKH REMHFWLYH IRU EXLOG
LQJ WKH WUDQVIRUPDWLRQ PDWUL[ : OHDGV WR ORZHU YDULDQFH RI WKH WUDQVIRUPHG YHFWRUV
ZKLFK LQ WXUQ PHDQV WKDW WKH YHFWRUV RQ DYHUDJH DUH FORVHU WR HDFK RWKHU 'LQX HW DO
 VXJJHVW D ZD\ RI PLWLJDWLQJ KXEQHVV E\ XVLQJ *OREDO &RUUHFWLRQ *& LH E\
GRZQJUDGLQJ WKH VLPLODULW\ UDQNV IRU WKH LWHPV SURSRUWLRQDOO\ WR WKHLU KXEQHVV LQGH[
,Q DGGLWLRQ WR D PRGHO ZLWK D VHHG ELOLQJXDO GLFWLRQDU\ WKH LQLWLDO VWXG\ E\ 0LNRORY
HW DO  DOVR LQWURGXFHG FRQVWUDLQWV RQ ZKDW LWV DXWKRUV FDOO ³PRUSKRORJLFDO VWUXF
WXUH´ DFWXDOO\ WKH /HYHQVKWHLQ 'LVWDQFH IRU NHHSLQJ RQO\ WKH FRJQDWH ZRUGV LQ WKH
RXWSXW +RZHYHU WKLV ZRUNHG DV D ILOWHU WR UHGXFH WKH DPRXQW RI HUURUV UDWKHU WKDQ WR
KHOS ZLWK LPSURYLQJ WKH GLFWLRQDU\ )XUWKHU ZRUN RQ ELOLQJXDO OH[LFRQ LQGXFWLRQ GLG
QRW LQFOXGH WKH XVH RI FRJQDWHV HVSHFLDOO\ LQ WKH FRQWH[W RI UHODWHG ODQJXDJHV
'HWHFWLRQ RI FRJQDWHV DFURVV UHODWHG DQG QRQUHODWHG ODQJXDJHV KDV EHHQ DOVR VWXG
LHG UHFHQWO\ HJ )UXQ]D DQG ,QNSHQ  6RPH VWXGLHV UHOLHG RQ XVLQJ ELOLQJXDO
FRUSRUD .RQGUDN  ZKLOH RWKHUV XVHG HPEHGGLQJV IURP FRPSDUDEOH FRUSRUD )RU
H[DPSOH D PDQXDOO\ GHYHORSHG VHW RI UXOHV IRU D )LQLWH 6WDWH 7UDQVGXFHU )67 ZDV XVHG
IRU LGHQWLILFDWLRQ RI FRJQDWHV DQG ERUURZLQJV LQ 7VYHWNRY DQG '\HU  $ VWXG\
DLPHG DW GHWHFWLQJ IDOVH IULHQGV YLD HPEHGGLQJV )LãHU DQG /MXEHãLü  WUHDWHG WKH
IDOVH IULHQGV RQO\ DPRQJ KRPRJUDSKV LGHQWLFDOO\ VSHOOHG ZRUGV QRW DPRQJ FRJQDWHV
7KHUH KDYH EHHQ DOVR YDULRXV VWXGLHV DLPHG DW SURYLGLQJ TXDQWLWDWLYH DQDO\VLV RI
HPEHGGLQJV E\ WUDLQLQJ SUHGLFWRUV IRU YDULRXV FODVVLILFDWLRQ WDVNV HJ %HOLQNRY HW DO
 .|KQ  7KH VSHFLILF FRQWULEXWLRQ RI WKLV VWXG\ FRQVLVWV LQ LQYHVWLJDWLRQ
RI WUDQVIHUULQJ VXFK SUHGLFWRUV DFURVV WKH UHODWHG ODQJXDJHV XVLQJ D VKDUHG DQQRWDWLRQ
IUDPHZRUN VXFK DV 8'

 &RQFOXVLRQV DQG IXUWKHU ZRUN
7KH NH\ WDNHKRPH PHVVDJH IURP WKLV VWXG\ LV DV IROORZV ZKHQ FURVVOLQJXDO HP
EHGGLQJ VSDFHV IRU UHODWHG ODQJXDJHV DUH EXLOW E\ WDNLQJ LQWR DFFRXQW OH[LFDO VLPLODU
LW\ EHWZHHQ WKH FRJQDWHV WKH UHVXOWLQJ PRGHOV FDQ EH PRUH VXFFHVVIXO LQ WUDQVIHUULQJ
WKH UHVRXUFHV IURP WKH GRQRU ODQJXDJHV 7KLV VWXG\ LOOXVWUDWHV WKLV FODLP IRU D QXP
EHU RI ODQJXDJH SDLUV DQG DSSOLFDWLRQ GRPDLQV VXFK DV WKH GLFWLRQDU\ LQGXFWLRQ WDVN RU
PRUSKRV\QWDFWLF SUHGLFWLRQ ,Q SDUWLFXODU WKH UHVXOWV LQ WKH GLFWLRQDU\ LQGXFWLRQ WDVN
LPSURYH WKH VWDWH RI WKH DUW FRQVLGHUDEO\ IRU H[DPSOH IURP 0.429 WR 0.840 IRU WKH
6ORYHQLDQ&URDWLDQ SDLU ZKHQ D FRUSXV LV WRR VPDOO IRU UHOLDEOH WUDLQLQJ RI PRQROLQ
JXDO HPEHGGLQJV ,QFRUSRUDWLQJ WKH :/' VFRUH FRQWULEXWHV WR LPSURYLQJ WKH LQLWLDO
GHILFLHQFLHV RI D VPDOO FRUSXV
7KH WRROV IRU DOLJQLQJ WKH PRQROLQJXDO HPEHGGLQJ VSDFHV IRU UHODWHG ODQJXDJHV WKH
UHVXOWLQJ HPEHGGLQJV DV ZHOO DV WKH WUDLQHG 1/3 PRGHOV WUDQVIHUUHG WR WKH UHFLSLHQW
ODQJXDJHV DUH DYDLODEOH XQGHU SHUPLVVLYH OLFHQVHV ,Q DGGLWLRQ WR WKH 1(5 DQG JHQUH
FODVVLILFDWLRQ WDVNV DV VKRZQ LQ WKLV SDSHU WKH FURVVOLQJXDO VSDFHV FDQ EH XVHG IRU
LPSURYLQJ FRYHUDJH RI H[LVWLQJ UHVRXUFHV VXFK DV 326 WDJJHUV 6WUDND HW DO  RU
07 IRU UHODWHG ODQJXDJHV )RUFDGD HW DO 
7KH UHVXOWLQJ 3DQVODYRQLF VSDFH FDQ EH HDVLO\ H[SDQGHG WR DFFRPPRGDWH D QHZ
ODQJXDJH HJ 5XV\Q RU 6RUELDQ ZKHQ D UHDVRQDEOH PRQROLQJXDO FRUSXV LV DYDLODEOH
WR WUDLQ WKH HPEHGGLQJV IRU WKLV ODQJXDJH DQG ZKHQ D UHOLDEOH VHHG GLFWLRQDU\ H[LVWV
EHWZHHQ WKLV ODQJXDJH DQG RQH RI WKH RWKHU ODQJXDJHV LQ WKH FXUUHQW 3DQVODYRQLF VSDFH
WKH :LNLSHGLD L:LNL OLVWV IRU VXFK ODQJXDJHV DUH WRR VKRUW WR SURGXFH XVHIXO VHHG GLF
WLRQDULHV
7KHUH DUH VHYHUDO H[WHQVLRQV SRVVLEOH IRU WKLV OLQH RI UHVHDUFK )LUVW WKH VHWXS IRU
EXLOGLQJ FURVVOLQJXDO HPEHGGLQJV LQYROYHV D QXPEHU RI K\SHUSDUDPHWHUV ZKLFK GH
VHUYH D VHSDUDWH VWXG\ 7KLV FRQFHUQV
6HHG GLFWLRQDU\ 7KHUH FDQ EH GLIIHUHQW VRXUFHV IRU FKRRVLQJ WKH VHHG GLFWLRQDU\ VXFK
DV DOLJQPHQWV IURP SDUDOOHO FRUSRUD H[LVWLQJ WUDGLWLRQDO GLFWLRQDULHV DOLJQPHQWV
IURP FRPSDUDEOH :LNLSHGLD WLWOHV DV XVHG LQ WKLV VWXG\ ,Q DGGLWLRQ WR WKLV WKHUH
FDQ EH YDULDWLRQ LQ WKHLU VL]H RU FRQWHQWV ZKLFK PLJKW LQ WXUQ OHDG WR LQYHVWLJD
WLRQ RI WKHLU FRPSRQHQWV VXFK DV FRPPRQ QDPHV ERUURZLQJV RU SURSHU QDPHV
)RU H[DPSOH LW LV UHODWLYHO\ HDV\ WR FROOHFW ODUJH OLVWV RI SURSHU QDPHV IURP VXFK
VRXUFHV DV :LNLSHGLD WLWOHV YLD WKH LZLNL OLQNV 7KH FXUUHQW VWXG\ ILOWHUHG PDQ\
RI WKHP WKURXJK D IUHTXHQF\ OLVW +RZHYHU WKHLU SUHVHQFH PLKJW EHQHILW GRZQ
VWUHDP WDVNV VXFK DV 1(5
:/' FRQWULEXWLRQ 7KH EHVW YDOXH RI α KDV EHHQ HVWLPDWHG RQ WKH GHYHORSPHQW VHW
IRU RQH ODQJXDJH SDLU DQG XVHG LQ RWKHU H[SHULPHQWV +RZHYHU WKH RSWLPDO EDO
DQFH EHWZHHQ WKH HPEHGGLQJ VFRUHV DQG :/' GHSHQGV RQ WKH TXDOLW\ RI WKH VHHG
GLFWLRQDU\ DQG WKH W\SRORJLFDO GLVWDQFH EHWZHHQ WKH ODQJXDJHV
0RQROLQJXDO HPEHGGLQJ VSDFHV 7KHUH DUH QXPHURXVPHWKRGV DQG SDUDPHWHUV IRU EXLOG
LQJ HPEHGGLQJ VSDFHV ZKLFK FDQ LPSDFW WKHLU XVHIXOQHVV IRU WKH FURVVOLQJXDO
HPEHGGLQJ WDVN )RU HDFK ODQJXDJH SDLU WKLV VWXG\ XVHG HPEHGGLQJV IURP D VLQ
JOH VRXUFH ZLWKRXW FRPSDULQJ GLIIHUHQW VHWWLQJV WR WKH LQGLYLGXDO WDVNV
6HFRQG WKH FURVVOLQJXDO VSDFHV LQ WKH FXUUHQW VWXG\ DUH FRQVWUXFWHG LQ LWHUDWLRQV
E\ PHDQV RI D FORVHGIRUP PHWKRG IRU EXLOGLQJ WKH WUDQVIRUPDWLRQ PDWUL[ 7KLV FORVHG
IRUP PHWKRG FDQQRW WDNH LQWR DFFRXQW WKH OH[LFDO VLPLODULW\ ZKLFK QHHGV WR EH LQWUR
?iiTb,ff;Bi?m#X+QKfbb?`Q77f+Q;Mi2b

GXFHG YLD D VHSDUDWH GLFWLRQDU\ XSGDWH $ XVHIXO H[SHULPHQW ZRXOG EH WR XVH DQ DGYHU
VDULDO WUDLQLQJ WHFKQLTXH &RQQHDX HW DO  LQ RUGHU WR WUDQVIRUP WKH PRQROLQJXDO
VSDFHV ZKLOH DGGLQJ OH[LFDO VLPLODULW\ PHDVXUHV VXFK DV :/' $V VKRZQ LQ RWKHU VWXG
LHV DGYHUVDULDO WUDLQLQJ RXWSHUIRUPV WKH RUWKRJRQDO WUDQVIRUP VHH WKH URZV PDUNHG DV
086( LQ 7DEOHV  DQG  DQG DOORZV LQFRUSRUDWLRQ RI RWKHU FRVW IXQFWLRQV $QRWKHU
SRVVLELOLW\ IRU XVLQJ :/' LQ WKH SURFHVV RI DOLJQLQJ PRQROLQJXDO HPEHGGLQJ VSDFHV LV
E\ LWHUDWLYH OHDUQLQJ RI D QRQOLQHDU WUDQVIRUPDWLRQ 'L 0DU]LR HW DO 
7KLUG PRUSKRORJLFDO SUHGLFWLRQ FDQ EH LPSURYHG LI GRQH LQ D PXOWLWDVN IDVKLRQ
ZKHQ WKH WDVNV FRQFHUQ SUHGLFWLRQV RI WKH LQGLYLGXDO IHDWXUHV VXFK DV FDVH JHQGHU DQG
QXPEHU $XJHQVWHLQ HW DO  ,Q WKH FXUUHQW VWXG\ WKH WDJV ZHUH SUHGLFWHG DV D
ZKROH 2WKHU NLQGV RI PXOWLWDVN DQG PXOWLGRPDLQ H[SHULPHQWV DUH DOVR SRVVLEOH )RU
H[DPSOH WKH FXUUHQW VWXG\ GRHV QRW PDNH D GLVWLQFWLRQ EHWZHHQ WKH HPEHGGLQJV IRU
GLIIHUHQW ODQJXDJHV VR WKH VKDUHG VSDFH LV FRQVLGHUHG WR EH WKH VDPH IRU DOO ODQJXDJHV
HYHQ WKRXJK WKH VHPDQWLF DQG JUDPPDWLFDO SURSHUWLHV RI LQGLYLGXDO ODQJXDJHV DUH OLNHO\
WR GLIIHU ,W KDV EHHQ VKRZQ WKDW DSSO\LQJ DXWRHQFRGHUV RYHU WKH IHDWXUH VSDFHV LQ WZR
ODQJXDJHV OHDGV WR D EHWWHU IHDWXUH VSDFH IRU WKH WDUJHW PRGHO EHFDXVH WKLV KHOSV LQ
JHQHUDOLVLQJ ODQJXDJHVSHFLILF YDULDWLRQV LQ WKH PRQROLQJXDO IHDWXUH VSDFHV 5LRV DQG
6KDURII 
)LQDOO\ WKH FXUUHQW PRGHO KDV EHHQ WHVWHG ZLWK UHODWLYHO\ ZHOOGHILQHG V\QFKURQLF
ODQJXDJHV VXFK DV UHSUHVHQWDWLYHV IURP WKH 6ODYRQLF IDPLO\ ,W LV LQWHUHVWLQJ WR H[
SHULPHQW ZLWK ODQJXDJHV GLDFKURQLFDOO\ E\ EXLOGLQJ EHWWHU PRGHOV IRU HDUOLHU VWDJHV RI
ODQJXDJH GHYHORSPHQW HJ IRU PHGLHYDO (QJOLVK IURP WKH PRUH DEXQGDQW PRGHOV H[
LVWLQJ IRU PRGHUQ ODQJXDJHV VHH 3LRWURZVNL  $ UHODWHG H[SHULPHQW ZRXOG LQ
YROYH EXLOGLQJ PRGHOV IRU GLDOHFWV $ SUREOHP WR EH WDFNOHG LQ WKLV FDVH FRQFHUQV WKH
QHHG WR EXLOG D PRQROLQJXDO HPEHGGLQJ VSDFH IRU D UHFLSLHQW ODQJXDJH YDULHW\ IURP D
VPDOO DPRXQW RI DYDLODEOH UDZ WH[WV
5HIHUHQFHV
$UWHW[H 0 /DEDND * DQG $JLUUH (  /HDUQLQJ SULQFLSOHG ELOLQJXDO PDSSLQJV
RI ZRUG HPEHGGLQJV ZKLOH SUHVHUYLQJ PRQROLQJXDO LQYDULDQFH ,Q 3URF (01/3
$XVWLQ 7H[DV
$XJHQVWHLQ , 5XGHU 6 DQG 6¡JDDUG $  0XOWLWDVN OHDUQLQJ RI SDLUZLVH
VHTXHQFH FODVVLILFDWLRQ WDVNV RYHU GLVSDUDWH ODEHO VSDFHV ,Q 3URF 1$$&/ SDJHV
± 1HZ 2UOHDQV
%DURQL 0 DQG %HUQDUGLQL 6  $ QHZ DSSURDFK WR WKH VWXG\ RI WUDQVODWLRQHVH
0DFKLQHOHDUQLQJ WKH GLIIHUHQFH EHWZHHQ RULJLQDO DQG WUDQVODWHG WH[W /LWHUDU\ DQG
/LQJXLVWLF &RPSXWLQJ ±
%DURQL 0 %HUQDUGLQL 6 )HUUDUHVL $ DQG =DQFKHWWD (  7KH :D&N\ ZLGH
ZHE D FROOHFWLRQ RI YHU\ ODUJH OLQJXLVWLFDOO\ SURFHVVHG ZHEFUDZOHG FRUSRUD /DQ
JXDJH 5HVRXUFHV DQG (YDOXDWLRQ ±
%DWHPDQ - $ .UXLMII *- .UXLMII.RUED\RYi , 6NRXPDORYi + 6KDURII 6 DQG
7HLFK (  5HVRXUFHV IRU PXOWLOLQJXDO WH[W JHQHUDWLRQ LQ WKUHH VODYLF ODQ
JXDJHV ,Q 3URF 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH RQ /DQJXDJH 5HVRXUFHV DQG
(YDOXDWLRQ /5(&

%HOLQNRY < 'XUUDQL 1 'DOYL ) 6DMMDG + DQG *ODVV -  :KDW GR QHXUDO
PDFKLQH WUDQVODWLRQ PRGHOV OHDUQ DERXW PRUSKRORJ\" ,Q 3URF $&/ 9DQFRXYHU
&DQDGD
%HQJLR < 'XFKDUPH 5 9LQFHQW 3 DQG -DXYLQ &  $ QHXUDO SUREDELOLVWLF
ODQJXDJH PRGHO -RXUQDO RI 0DFKLQH /HDUQLQJ 5HVHDUFK ±
%OHL ' 0 1J $ < DQG -RUGDQ 0 ,  /DWHQW 'LULFKOHW DOORFDWLRQ -RXUQDO
RI 0DFKLQH /HDUQLQJ 5HVHDUFK ±
%RMDQRZVNL 3 *UDYH ( -RXOLQ $ DQG 0LNRORY 7  (QULFKLQJ ZRUG YHFWRUV
ZLWK VXEZRUG LQIRUPDWLRQ DU;LY SUHSULQW DU;LY
&ROOREHUW 5 :HVWRQ - %RWWRX / .DUOHQ 0 .DYXNFXRJOX . DQG .XNVD 3
 1DWXUDO ODQJXDJH SURFHVVLQJ DOPRVW IURP VFUDWFK 7KH -RXUQDO RI 0D
FKLQH /HDUQLQJ 5HVHDUFK 
&RQQHDX $ /DPSOH * 5DQ]DWR 0 'HQR\HU / DQG -pJRX +  :RUG
WUDQVODWLRQ ZLWKRXW SDUDOOHO GDWD DU;LY SUHSULQW DU;LY
'DV ' DQG 3HWURY 6  8QVXSHUYLVHG SDUWRIVSHHFK WDJJLQJ ZLWK ELOLQJXDO
JUDSKEDVHG SURMHFWLRQV ,Q 3URF $&/ 3RUWODQG 2UHJRQ
'L 0DU]LR 0 3DQ]HUD $ DQG 7D\ORU & &  1RQSDUDPHWULF URWDWLRQV IRU
VSKHUHVSKHUH UHJUHVVLRQ -RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ
'LQX * /D]DULGRX $ DQG %DURQL 0  ,PSURYLQJ ]HURVKRW OHDUQLQJ E\ PLW
LJDWLQJ WKH KXEQHVV SUREOHP DU;LY SUHSULQW DU;LY
'\HU & &KDKXQHDX 9 DQG 6PLWK 1 $  $ VLPSOH IDVW DQG HIIHFWLYH UHSD
UDPHWHUL]DWLRQ RI ,%0 0RGHO  ,Q 3URF 1$$&/ $WODQWD *HRUJLD
)DUXTXL 0 DQG '\HU &  ,PSURYLQJ YHFWRU VSDFH ZRUG UHSUHVHQWDWLRQV XVLQJ
PXOWLOLQJXDO FRUUHODWLRQ ,Q 3URF ($&/ SDJHV ± *RWKHQEXUJ 6ZHGHQ
)LãHU ' DQG /MXEHãLü 1  %HVW IULHQGV RU MXVW IDNLQJ LW" &RUSXVEDVHG H[WUDFWLRQ
RI 6ORYHQH&URDWLDQ WUDQVODWLRQ HTXLYDOHQWV DQG IDOVH IULHQGV 6ORYHQãþLQD  
)RUFDGD 0 / *LQHVWt5RVHOO 0 1RUGIDON - 2¶5HJDQ - 2UWL]5RMDV 6 3pUH]
2UWL] - $ 6iQFKH]0DUWtQH] ) 5DPtUH]6iQFKH] * DQG 7\HUV ) 0 
$SHUWLXP D IUHHRSHQVRXUFH SODWIRUP IRU UXOHEDVHG PDFKLQH WUDQVODWLRQ 0D
FKLQH WUDQVODWLRQ ±
)UXQ]D 2 DQG ,QNSHQ '  ,GHQWLILFDWLRQ DQG GLVDPELJXDWLRQ RI FRJQDWHV IDOVH
IULHQGV DQG SDUWLDO FRJQDWHV XVLQJ PDFKLQH OHDUQLQJ WHFKQLTXHV ,QWHUQDWLRQDO
-RXUQDO RI /LQJXLVWLFV 
)XQJ 3  &RPSLOLQJ ELOLQJXDO OH[LFRQ HQWULHV IURP D QRQSDUDOOHO (QJOLVK
&KLQHVH FRUSXV ,Q 3URF 7KLUG $QQXDO :RUNVKRS RQ 9HU\ /DUJH &RUSRUD SDJHV
± %RVWRQ 0DVVDFKXVHWWV
-RXOLQ $ *UDYH ( %RMDQRZVNL 3 DQG0LNRORY 7  %DJ RI WULFNV IRU HIILFLHQW
WH[W FODVVLILFDWLRQ ,Q 3URF ($&/ 9DOHQFLD
.OHPHQWLHY $ 7LWRY , DQG %KDWWDUDL %  ,QGXFLQJ FURVVOLQJXDO GLVWULEXWHG
UHSUHVHQWDWLRQV RI ZRUGV ,Q 3URF &2/,1* 0XPEDL ,QGLD

.|KQ $  :KDW¶V LQ DQ HPEHGGLQJ" DQDO\]LQJ ZRUG HPEHGGLQJV WKURXJK PXO
WLOLQJXDO HYDOXDWLRQ ,Q 3URF (01/3 SDJHV ± /LVERQ 3RUWXJDO
.RQGUDN *  :RUG VLPLODULW\ FRJQDWLRQ DQG WUDQVODWLRQDO HTXLYDOHQFH ,Q $S
SURDFKHV WR PHDVXULQJ OLQJXLVWLF GLIIHUHQFHV :DOWHU GH *UX\WHU %HUOLQ
.UHN 6 (UMDYHF 7 'REURYROMF . +RO] 1 /HGLQHN 1 DQG 0RåH 6  8þQL
NRUSXV VVMN NRW SRGDWNRYQD ]ELUND
.XþHUD + DQG )UDQFLV : 1  &RPSXWDWLRQDO DQDO\VLV RI SUHVHQWGD\ $PHULFDQ
(QJOLVK %URZQ 8QLYHUVLW\ 3UHVV 3URYLGHQFH
/DPSOH * %DOOHVWHURV 0 6XEUDPDQLDQ 6 .DZDNDPL . DQG '\HU & 
1HXUDO DUFKLWHFWXUHV IRU QDPHG HQWLW\ UHFRJQLWLRQ ,Q 3URF 1$$&/ SDJHV ±
 6DQ 'LHJR &DOLIRUQLD
0D\ILHOG - 0F1DPHH 3 DQG &RVWHOOR &  /DQJXDJHLQGHSHQGHQW QDPHG
HQWLW\ DQDO\VLV XVLQJ SDUDOOHO SURMHFWLRQ DQG UXOHEDVHG GLVDPELJXDWLRQ ,Q 3URF
%61/3 SDJHV ± 9DOHQFLD 6SDLQ
0LNRORY 7 *UDYH ( %RMDQRZVNL 3 3XKUVFK & DQG -RXOLQ $  $GYDQFHV LQ
SUHWUDLQLQJ GLVWULEXWHG ZRUG UHSUHVHQWDWLRQV DU;LY SUHSULQW DU;LY
0LNRORY 7 /H 4 9 DQG 6XWVNHYHU ,  ([SORLWLQJ VLPLODULWLHV DPRQJ ODQ
JXDJHV IRU PDFKLQH WUDQVODWLRQ DU;LY SUHSULQW DU;LY
1LYUH - GH 0DUQHIIH 0& *LQWHU ) *ROGEHUJ < +DMLþ - 0DQQLQJ & '
0F'RQDOG 5 3HWURY 6 3\\VDOR 6 6LOYHLUD 1 7VDUIDW\ 5 DQG =HPDQ '
 8QLYHUVDO 'HSHQGHQFLHV Y $ PXOWLOLQJXDO WUHHEDQN FROOHFWLRQ ,Q 3URF
/5(&  3RUWRURå 6ORYHQLD
3HWUHQ] 3 DQG :HEEHU %  6WDEOH FODVVLILFDWLRQ RI WH[W JHQUHV &RPSXWDWLRQDO
/LQJXLVWLFV 
3LRWURZVNL 0  1DWXUDO ODQJXDJH SURFHVVLQJ IRU KLVWRULFDO WH[WV 6\QWKH
VLV /HFWXUHV RQ +XPDQ /DQJXDJH 7HFKQRORJLHV 0RUJDQ 	 &OD\SRRO 3XEOLVKHUV
0RVFRZ
3LVNRUVNL - 3LYRYDURYD / âQDMGHU - 6WHLQEHUJHU - DQG <DQJDUEHU 5  7KH
ILUVW FURVVOLQJXDO FKDOOHQJH RQ UHFRJQLWLRQ QRUPDOL]DWLRQ DQGPDWFKLQJ RI QDPHG
HQWLWLHV LQ VODYLF ODQJXDJHV ,Q 3URF %61/3 SDJHV ± 9DOHQFLD 6SDLQ
5DGRYDQRYLü 0 1DQRSRXORV $ DQG ,YDQRYLü 0  +XEV LQ VSDFH 3RS
XODU QHDUHVW QHLJKERUV LQ KLJKGLPHQVLRQDO GDWD -RXUQDO RI 0DFKLQH /HDUQLQJ
5HVHDUFK 6HS±
5DSS 5  ,GHQWLI\LQJ ZRUG WUDQVODWLRQV LQ QRQSDUDOOHO WH[WV ,Q 3URF RI WKH
UG $&/ SDJHV ± &DPEULGJH 0$
5LRV 0 DQG 6KDURII 6  /DQJXDJH DGDSWDWLRQ IRU H[WHQGLQJ SRVWHGLWLQJ HV
WLPDWHV IRU FORVHO\ UHODWHG ODQJXDJHV 7KH 3UDJXH %XOOHWLQ RI 0DWKHPDWLFDO /LQ
JXLVWLFV ±
6DQWLQL 0 0HKOHU $ DQG 6KDURII 6  5LGLQJ WKH URXJK ZDYHV RI JHQUH RQ
WKH ZHE ,Q 0HKOHU $ 6KDURII 6 DQG 6DQWLQL 0 HGLWRUV *HQUHV RQ WKH :HE
&RPSXWDWLRQDO 0RGHOV DQG (PSLULFDO 6WXGLHV 6SULQJHU %HUOLQ1HZ <RUN

6KDURII 6  0HDVXULQJ WKH GLVWDQFH EHWZHHQ FRPSDUDEOH FRUSRUD EHWZHHQ ODQ
JXDJHV ,Q 6KDURII 6 5DSS 5 =ZHLJHQEDXP 3 DQG )XQJ 3 HGLWRUV %8&&
%XLOGLQJ DQG 8VLQJ &RPSDUDEOH &RUSRUD SDJHV ± 6SULQJHU
6KDURII 6 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